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No. 3 LIST BAKERS DOZEN PACKS 


All packs are £1 each, if you order 12 then you 
are entitled to another free. Please state which 
one you want. Note the figure on the extreme 
left is the pack ref number and the next figures 
are the quantity of items in the pack, finally a 
short description. 


BD152 1 Gas or liquid shut off valve, clockwork dial, setting can 
be on for up to 12 hours. 

BD153 1 SameasBD152 but thermostatically operated. 

BD154 1 12v operated drip proof relay, ideal for outdoor or 
in-car operation. 

BD158 4 12 way 5 amp screw down polythene bodied 
connector strips. Used to be called choc blocks when 
made of Bakelite. 

BD159 2  12way25ampconnector blocks 

BD160 ‘pr Plug together 12 way connector blocks, ideal for quick 
joinsin leads. 

BD168 2 Component mounting tag strips each with 50 stand up 
tags. 

BD169 4 _ Shortwave airspaced trimmers 3-30pf. Screw driver 
operated. 

BD170 4 _ Assorted neon type numicator tubes made by HIVAC. 

BD175 1 2watt mains motor driving gearbox, final speed 
200rpm. ~ 

BD177 12v Lilliput bulbs. 


BD178 Panel mounting slim line indicator lights with amber 
lens. These take Lilliput bulbs. 

Oblong mains neon indicator lights, approx 1in x 1/2in. 

PVC grommets for insulation through 3th hole. 

25pf air spaced tuning capacitor, small hole fixing with 


Vain spindle. 


BD181 10 


5 
3 
BD179 3 
0 
BD182—s1 


BD189 1 20 amp double pole switch on flush plate which fits 
standard 3x3 electrical box, illuminated when on. 

BD190 1 amp dp switch but surface mounting, oblong 
shape. 

BD191 6 Lamp holder adpators which take two pin plug, also 
supplied. 

BD200 1 10 digit switch pad, telephone type. 

BD205 1 Very small 12v operated relay with one pair 
change-over contacts. 

BD212 1 Mains transformer 230v primary and two 8v 1/2 amp 
secondaries. 

BD213 2  5corecurly leads, tinsel wire for phones, etc. 

BD214 2  Sub-mintoggle switches double pole double throw. 

BD215 4 Minidpdtslide switches with chrome dolly instead of 
the usual plastic toggle. 

BD217 100 Standard wire ending push-ons for standard Vain tags. 

BD218 100 Ditto, but right angled. 

BD219 100  Soldercon tags. With these you can make your own 
sockets for ICs etc. 

BD223. 4  1200wattfire spirals, bright nickel chrome wire. 

BD224 1 Battery operated motor made for 9v cassette players 
but speed controllable by lowering voltage. 

BD227 4 50k quad pots. Standard Vin spindle single hole fixing. 

BD228 1 Icestat thermostat. Ideal for controlling water pipe 
antifreeze coils. 

BD229 1 Instrument buzzer, variable low, medium or soft. 

BD233 2 Eagle educational kits. One makes chemical balance 
with weights and the other has electricals for 
experiments. 

BD234. 4 500uf+500uf 50v electrolytics. 

BD236 1 Mains transformer with 9v 750mA_ secondary. 

BD237 1 Computer grade electrolytic 3150uf at 40v. 

BD243 2  8x416 ohm loudspeakers permanent magnet, 5 watts. 

BD246 4 Standard size Y2meg with Vain spindle and dp switch 

BD247 1 The medium wave permeability tuner, couple this to a 
ZN414 and you have a radio. 

BD248 1 Anoise suppressor/mains filter 

BD249 1 13A socket on plate with spur, fits normal electrical box. 

BD253 1 Oventhermometer —bimetal type, reads 200-500°F. 


There are over 1,000 items in our Bakers Dozen List. If you want a com- 
plete copy please request this when ordering. 


CAMERAS. Three cameras, all by famous makers, Kodak etc. One 
disk, one 35mm and one instamatic. All in first class condition, believed 
to be in perfect working order, but sold as untested. You can have the 
three for £10 including VAT, which must be a bargain — if only for the 
lenses, flash gear etc. Our ref 10P5B. 


EQUIPMENT WALL MOUNT tt is a multi-adjustable metal bracket 
that could be used for mounting flood light, loudspeaker, TV camera, 
even a fan and on almost any sort of wall or ceiling even between wall 
and ceiling. The main fixing brackets rotate such that an inward or an 
outward corner can be accommodated. Front panel also tilts upward or 
downwards to a reasonable angle and can be easily removed sepa- 
rately for wiring. A very useful bracket. Regular price would be around 
£6 each. Our price only £3. Our ref 3P72. Or 2 for £5. Our ref 5P152. 


MICROPHONE LEADS 6m twin screened wire terminating one end 
with a standard Yin mono jack plug and the other end with the usual 
screwed on microphone connector. With coiled spring for lead protec- 
tion. Price £1. Our ref BD174. 


EXTRA SPECIAL CROC CLIPS Medium size, just right for most 
hook-ups. Normally sell for around 10p to 15p each. These are insu- 
lated and have a length of wire connected to them but this is very easy 
to snip off if you do not need it. 20 for £1. Our ref BD1 17A. 


DON’T MISS THAT IMPORTANT CALL Fit an extension lead and 
take your phone in the other room with you. 5m long, one end has the 
standard flat BT socket and the other the standard flat BT phone plug so 
you don’t have to interfere with the house wiring, you simply plug it in. 
Price £3. Our ref 3P70. 

COPPER CLAD PANEL For making PCB. Size approx 12in long x 
8Vin wide. Double-sided on fibreglass middle which is quite thick 
(about 1/16 in) so this would support quite heavy components and 
could even form a chassis to hold a mains transformer, etc. Price £1 
each. Our ref BD633. 


3 VOLT MOTOR Very low current so should be very suitable for 
working with solar cells. £1 each. Our ref BD681. 


STEREO HEADPHONE AMPLIFIER Very sensitive. A magnetic 
cartidge or tape head will drive it. Has volume control and socket for 
stereo headphones. 3v battery operated. f1 each. Our ref BD680. 


FET CAPACITOR MICROPHONE EAGLE C1.200 Output equiva- 
lent to a high class dynamic microphone while retaining the charac- 
teristics of a capacitor microphone. Price £1. Our ref BD646. 


SUB-MAN TOGGLE SWITCH Body size 8mm x 4mm x 7mm SBDT 
with chrome dolly fixing nuts. 3 for 1.00. Order ref BD649. 


POWERFUL IONISER 


Generates approx. 10 times more IONS than the ET! and similar 
circuits. Will refresh your home, office, workroom etc. Makes you 
feel better and work harder—a complete mains operated kit, case 
included. £12.50+£2 P&P. Our ref 12P5/1. 


















LINEAR RECORD PLAYER Made by BSR, their ref VL315. Hailed as 
the most sophisticated of record players, is completely electronically 
controlled. Due to cancelled export order we are now able to offer these 
brand new, complete with cartridge and diamond stylus at only £15 
Ae = post. This is a 12v DC operated unit. Our ref 15P25. Two or more 
post free. 


VIDEO TAPES These are three hour tapes of superior quality, made 
under licence from the famous JVC Company. Offered at only £3 each. 
Our ref 3P63. Or 5 for £11. Our ref 11P3. Or for the really big user 10 for 


£20. Our ref 20P20. 
ELECTRONIC SPACESHIP. 


Sound and impact controlled, 
responds to claps and shouts and 
reverses when it hits anything. Kit 
with really detailed instructions. Ideal 
present for budding young electri- 
cian. A youngster should be able to 
assemble but you may have to help with the soldering of the compo- 
nents on the pcb. Complete kit £8. Our ref 8P30. 


THERE IS GOING TO BE A BURIAL! For several years now we 
have been offering mains operated clocks at only £1 each. These are 
cooker clocks which in addition to telling you the time would also 
switch things on and off at pre-set times. However, despite this silly 
price these have been very slow sellers and as we have still almost 
10,000 of them in store which we have to clear we are making one even 
sillier final offer before burying them. You can have 16 brand new 
clocks still in original packing for only £5. Our ref 5P151. Add £3 post if 
not collecting. 


BUSH RADIO MIDI SPEAKERS Stereo pair. BASS reflex sys- 


tem, using a full range 4in driver of 4ohms impedance. Mounted in very 
nicely made black fronted walnut finish cabinets. Cabinet size approx 
81/2in wide, 14in high and 31/2in deep. Fitted with a good length of 
speaker flex and terminating with a normal audio plug. Price £5 the pair 
plus £1 post. Our ref 5P141. 


312in FLOPPY DRIVES We still have two models in stock: Single 
sided, 80 track, by Chinon. This is in the manufacturers metal case with 
leads and IDC connectors. Price £40, reference 40P1. Also a double 
sided, 80 track, by NEC. This is uncased. Price £59.50, reference 60P2. 
Both are brand new. Insured delivery £3 on each or both. 


~—— ATARI 65XE COMPU- 

_ TER At 64K this is most power- 

wonton — /{ ful and suitable for home and 

business. Complete with PSU, 

TV lead, owner's manual and six 

games. Can be yours for only 
£45 plus £3 insured delivery. 


\ 
SOS 


REMOTE CONTROL FOR YOUR 65XE COMPUTER With this 
outfit you can be as much as 20 feet away as you wil have a joystick that 
can transmit and a receiver to plug into and operate your computer and 
TV. This is also just right if you want to use it with a big screen TV. The 
joystick has two fire buttons and is of a really superior quality, with four 
suction cups for additional control and one handed play. Price £15 for 
the radio controlled pair. Our ref 15P27. 


AGAIN AVAILABLE: ASTEC PSU. Mains operated switch mode, 
so very compact. Outputs +12v 2.5A, +5v 6A, +5v .5A, + 12v 5A. Size: 
712in long X 43/4 in widex2 Vain high. Cased ready for use. Brand new. 
Normal price £30+, our price only £10. Our ref 10P34 plus £1 postage. 


VERY POWERFUL 12 VOLT MOTORS. 1rd Horsepower. 
Made to drive the Sinclair C5 electric car but adaptable to power a go- 
kart, a mower, a rail car, model railway, etc. Brand new. Price £20 plus 
£2 postage. Our ref. 20P22. 


PHILIPS LASER 
This is helium-neon and has a power rating of 2mW. Completely 
safe as long as you do not look directly into the beam when eye 
damage could result. Brand new, full spec. £30 plus £3 insured 
delivery. Mains operated power supply for this tube gives 8kv 
striking and 1.25kv at SmA running. Complete kit with case £15. 
As above for 12V battery. Also £15. Our ref 15P22. 


ORGAN MASTER |s a three octave musical keyboard. It is beaut- 
ifully made, has full size (piano size) keys, has gold plated contacts and 
is complete with ribbon cable and edge connector. Can be used with 
many computers, request information sheet. Brand new, only £15 plus 
£3 postage. Our ref 15P15. 


FULL RANGE OF COMPONENTS at very keen prices are 
available from our associate company SCS COMPONENTS. You may 
already have their catalogue, if not request one and we will send it FOC 
with your goods. 


A REAL AIR MOVER Circular axial fan. It moves 205cu ft per minute 
which is about twice as much as our standard 41/2in. square fans. Low 
noise, mains operated, 61/2 in diameter. Ex computers. Regular price 
over £30 but yours for £10 if you order quickly. Our ref 10P71A. 


HIGH RESOLUTION MONITOR. Qin black and white, used 
Philips tube M24/306W. Made up in a lacquered frame and has open 
sides. Made for use with OPD computer but suitable for most others. 
Brand new. £16 plus £5 post. Our ref 16P1. 


12 VOLT BRUSHLESS FAN. Japanese made. The popuiar 
square shape (41/2inx4V/2inx 1%in). The electronically run fans not 
only consume very little current but also they do not cause interference 
as the brush type motors do. Ideal for cooling computers, etc., or fora 
caravan. £8 each. Our ref 8P26. 


FDD BARGAIN 
3/2in made by Chinon of Japan. Single sided, 80 track, Shugart 
compatible interface, interchangeable with most other 31/2in and 
5 in drives. Completely cased with 4 pin power lead and 34 pin 
computer iead £40 plus £3 insured delivery. Our ref 40P1. 


MINI MONO AMP on p.c.b. size 4” x 2" (app.) 
Fitted Volume control and a hole for a tone con- 
trol should yopu require it. The amplifier 
has three transistors and we estim- 

ate the output to be 3W rms. 

More technical data will be included 
with the amp. Brand new, 

perfect condition, offered at the very 
low price of £1.15 each, or 13 for £12.00. 


J & N BULL ELECTRICAL 
Dept. EE 250 PORTLAND ROAD, HOVE, 
BRIGHTON, SUSSEX BN3 50QT. 
MAIL ORDER TERMS: Cash, PO or cheque with order. Orders under 


£20 add £1.50 service charge. Monthly account orders accepted from 
schools and public companies. Access and B/card orders accepted. 


—minimum £5. Phone (0273) 734648 or 203500. 































POPULAR ITEMS — MANY NEW THIS MONTH 


Some of the many items described in our current list 
which you will receive if you request it 


POPULAR ITEM AGAIN AVAILABLE Twin 0005 tuning capacitor 
with normal Y4in spindle now listed by many firms at over £10 each. 
bi a htme brand new and in perfect condition at £2 each. our ref 


SUB-MIN PUSH SWITCHES Not much bigger than a plastic trans- 
istor but double pole. PCB mounting. Three for £1. Our ref BD688. 


Ht aia for the Double Microdrive. Price 4 for £5. Our ref 


NICAD CHARGER UNIT Metal pronged, plastic case contains mains 
transformer and rectifiers with output lead and plug — made to charge 
two cells but no doube adaptable or wonderful spares value. Only 50p 
each, two for £1. Our ref BD385. 


EDGEWISE PANEL METER ff you are short of panel space then this 
may be the answer. It has a FSD of 100A and a nice full vision scale. It 
fits through a hole approx 1 Vain x Yin. Another feature is that it has an 
indicator lamp behind the scale which you could light up, it would then 
serve as an on/off indicator. Price £1. Our ref BD700. 


AA CELLS Probably the most popular of the rechargeable NICAD 
types. 4 for £4. Our ref 4P44. 


COMPUTER SPECIAL The Perex 16meg Byte tape streamer. These 
are brand new and really an exceptional bargain. A few only so hurry. 
Only £15. Our ref 15P29. 


20 WATT 40HM SPEAKER With built in tweeter. Really well made 
unit which has the power and the quality for hi-fi reproduction. 6V2in 
diameter. Price £5. Our ref 5P155. It is heavy so please add £1 to cover 
postage if not collecting. 


MINI RADIO MODULE Only about 2in square with ferrite aerial and 
solid dia tuner with its own knob. It is a superhet and it operates from 
PP3 battery and would drive a crystal headphone direct but be better 
with our mini mono amp. Price £1. Our ref BD716. 


BULGIN MAINS PLUG AND SOCKET The old faithful 3 pin with 
screw terminals. The socket mounts through a 1'/2in hole and the 
mains is brought in by the insulated plug. Used to be quite expensive 
but you can have 2 pairs for £1 or 4 of either plug or socket for £1. You 
could make yourself a neat and compact bench panel with these. Our 
ref BD715, BD715S or BD715P. 


MICROPHONE If you want a low cost microphone then just arrived 
we have a very small hand-held dynamic mic with on/off switch in the 
handle, its lead terminates with one 3.5 plug and the other a 2.5 plug for 
remote control. Price only £1. Our ref BD711 


EXTENSION CABLE WITH A DIFFERENCE It is flat on one side 


making it easy to fix and to look tidy. It is 4 core so suitable for tele- 
phone, bell, burgular alarms, etc. 50 yard coil for £5. Our ref 5P153. 


MOSFETS FOR POWER AMPLIFIERS AND HIGH CURRENT 
DEVICES 140v 100w pair made by the famous Hitachi Company. 
ae 25K413 and its component 25/118. Only £4 the pair. Our ref 


BATTERY OPERATED TRAVEL MECHANISM On a plastic panel 
measuring approx. 9in x 3¥/2in. Is driven by a reversible 12v battery 
motor, fitted with a pulley and belt which rotates through a threaded 
rod and causes a platform to travel backwards and forwards through a 
distance of approx. 5in. Price £5. Our ref 5P140. 


MAINS OPERATED WATER VALVE with hose connection for inlet 
and outlet suitable for low pressure. Auto plant watering, etc. Only £1 
each. Our ref BD370. 


20 VOLT 4 AMP MAINS TRANSFORMER Upright mounting with 
fixing feet. Price £3. 3P59. 

16 OHM PM SPEAKERS Approx. 7in x 4in. 5 watts. Offered at a very 
low price so you can use two in parallel to give you 10 watts at 8 ohms. 
£1 for the two. Our ref BD684. 


al TRANSFORMER 4kv 2mA Ex-unused equipment. £5. Our ref 
5P139 


4 CORE TINSEL COPPER LEAD As fittd to telephones, terminating 
with flat BT plug. 2 for £1. Our ref BD639. 


EHT TRANSFORMER 8kv 3mA. £10. Our ref IOP56 


VERY USEFUL MAGNETS Fiat, about tin long, Vin wide and Vain 
thick. Very powerful. 6 for £1. Our ref BD274(a). 


ACORN COMPUTER DATA RECORDER Ref ALFO03. Made for the 
Electron or BBC computers but suitable for most others. Complete with 
mains adaptor, leads and handbook. £10.00. Ref 10P44. Add £2 special 
packing. 

SOLAR CELLS Will give good current (depending on size) from sun- 
light or bright daylight. Module A gives 100mA. Price £1. Our ref BD631. 
Model C gives 400mA. Price £2. Our ref 2P199. Model D gives 700mA. 
Price £3. Our ref 3P42. 


SOLAR POWERED NI-CAD CHARGER 4 Ni-CAD batteries AA 
(HP7) charged in eight hours or two in only 4 hours. It is complete, 
boxed ready to use unit. Price £6. Our ref 6P3. 


METAL PROJECT BOX Ideal for battery charger, power supply etc., 
sprayed grey, size 8"x41/4"x4" high, ends are louvred for ventilation 
other sides are flat and undrilled. Price £3. Order ref 3P75. 


13A PLUGS Good British make complete with fuse, parcel of 5 for £2. 
Order ref 2P186. 


13A ADAPTERS Takes 2 13A plugs, packet of 3 for £2. Order ref 
2P187. 20v-0-20v. Mains transformers 21/2 amp (100 watt) loading, tap- 
ped primary, 200-245 upright mountings £4. Order ref 4P24. 


CAPACITOR BARGAIN Axial ended — 4700yf at 25v. Jap made. 
Normally 50p each, but you will get 4 for £1. Ref 613. 


SINGLE SCREENED FLEX 7.02 copper conductors, pvc insulated 
then with copper screen, finally outer insulation. In fact quite normal 
screened flex. 10m for £1. Our ref BD668. 


3 CORE FLEX BARGAIN No. 1 Core size 5mm so ideal for long 
extension leads carrying up to 5 amps or short leads up to 10 amps. 
15m £2. ref 2P189 


3 CORE FLEX BARGAIN No. 2 Core size 1.25mm so ideal for long 
extension leads carrying up to 13 amps or short leads up to 25A. 10m 
for £2. Order ref 2P190 


ALPHA-NUMERIC KEYBOARD This keyboard has 73 keys with 
contactless capacitance switches giving long trouble free life and no 
contact bounce. The keys are arranged in two groups, the main area 
field is a QWERTY array and on the right is a 15 key number pad, board 
size is approx. 13"X4" — brand new but offered at only a fraction of its 
cost namely £3 plus £1 post. Ref 3P27. 


1g HORSEPOWER 12 VOLT MOTOR Made by Smiths, the body 
length of this is approximately 3in. , the diameter 3in. and the spindle 
3/46th of an inch diameter. It has a centre flange for fixing or can be fixed 
from the end by means of 2 nuts. A very powerful little motor which 
revs at 3,000rpm. We have a large quantity of them so if you have any 
projects in mind then you could rely on supplies for at least two years. 
Price £6. Our ref 6P1, discount for quantities of 10 or more. 
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EE SEISMOGRAPH by Tony Hopwood and Andy Flind 626 
Watch for earthquakes and nuclear tests around the world. 

1.C. SOUND GENERATOR by Chris Bowes 632 
An easy to build, low cost unit that uses 

the popular 555 timer. 

VARIABLE STABILIZED POWER SUPPLY 650 


by Steve Knight 
Fully variable from OV to 30V at 1A. 





LEGO, LOGO and SPECTRUM by Alan Harper 653 
Introduce your Spectrum to the world of robotics. 

MUSIC ON HOLD by David Butler 662 
Keep your caller amused. 

SIMPLE L.E.D. TIMER By Chris Bowes 668 


Low cost unit that can be adapted to many 
timing applications. 


SNCS 


AMATEUR RADIO by Tony Smith 644 
More Primary Bands; Power Levels; Skeletons. 

STABILIZED POWER SUPPLIES by Steve Knight 646 
Part Four: Variable supplies. 

INTRODUCING DIGITAL ELECTRONICS 658 
Answers to Part 12 

ON SPEC By Mike Tooley 666 
Readers’ Sinclair Spectrum page. 

BBC MICRO by R.A. Penfold & J. W. Penfold 673 
Regular spot for Beeb fanatics. 

ROBOT ROUNDUP by Nigel Clark 676 


Investigating the world of robotics. 


TEGtMCS 


EDITORIAL 625 
SHOPTALK by David Barrington 636 
Product news and component buying. 

CAR ELECTRONIC IGNITION SYSTEMS 638 


by Stewart Robertson 
Brief summary of the application of electronics 
to car ignitions. 





FOR YOUR ENTERTAINMENT by Barry Fox 660 

Airvision; Skyview; Sound Systems. 

DOWN TO EARTH by George Hylton 678 

Skin Effect; Reducing Resistance. 

MARKET PLACE Free readers buy and sell spot. 679 

DIRECT BOOK SERVICE Special service to EE readers 680 

PRINTED CIRCUIT BOARD SERVICE 684 
© Wimborne Publishing Ltd 1989. Copyright in all ADVERTISERS INDEX 688 


drawings, photographs and articles published in 

EVERYDAY ELECTRONICS is fully protected, and FREE 

reproduction or imitations in whole or in part are | 

expressly forbidden. Marco 32-page catalogue between pages 652/653 


Our November ‘89 Issue will be published on Readers’ Services @ Editorial and Advertisement Departments 625 
Friday, 6 October 1989. See page 619 for 
details. 





















THERICMONITORI = LCT TTA 
100 WATT SPEAKER KIT £60.00 +£3.50 P&P (pair) BUY 1 #) GET 1 FREE ~~ - . 


RESPONSE: 55Hz-20kHz Please state pack(s) required 
BASS POLYMER CONE D: 22cm No=OrderNo. Oty =Quantity per pack 


LIFIER KIT 
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DOME TWEETER: 14mm ue Qty 
010 2 612” Speaker 82 10 watt LAK 
OVERALL SIZE BP012 2 612”S , ; ee eee ~— 
peaker 42 10 watt x 
(HWD): 382,252,204mm BP013. 3. 8x5’ Speaker 40) 6 watt made by E.ML! pea re Gai, polis 
RECOMMENDED AMP POWER: BPO15A 1 = 51” full range 12 watt 40 speaker with matching single P.C.B. which is already punched and 


grill. For small p.a. or in car use. 
BP015B 1 30 watt, dome tweeter. Size 90x 66mil 
JAPAN made 
BP016 6 2200uf can type Electrolytic 25V d.c computer 
grade made in UK by PHILIPS 
BP017 3 33000uf 16V d.c. electrolytic high quality 
computer grade UK made 
BP018 3 2000uf50V d.c. electrolytic high quality 
0 
4 







backprinted. 

@ 30Wx2 (DIN 4 ohm) 

@ CD/Aux, tape |, tape Il, tuner and phono 
inputs. 

= Separate treble and bass 

™ Headphone jack 

Size (H.W.D.) 75x 400 195mm 

Kit enclosed: case, P.C.B., all components, scale 

and knobs £36.80. post £3.50 






10-100 watts per channel 

The performance stan- . 
dard achieved in this 
compact design is distinc- 
tively superior to any- 
thing else available at the 
price. The drive units 
used are of sophisticated 
design and have been 






computer grade made in USA 
BP019 20 ceramic trimmers 
BP020 Tuning capacitors, 2 gang dielectric a.m. type 
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carefully integrated with a BP021 10 3 position, 8 tag slide switch 3 amp rated (Featured project in Everyday Electronics April 
Comol C 125V a.c. made in USA : : ; ‘ 
plex rossover. 1989 issue). Reprint Free with kit. 
St f : F ‘ BP022 5 Push-button switches, push on push off, 2 pole 
ereo performance is exceptionally good witha change over. PC mount JAPAN made 
well focussed sound stage and sharp resolution} BP023 6 2 pole 2 way rotary switch TV SOU ND TU N ER 
of detail. Distortion throughout the frequency} BP024 2 Right angle, PCB mounting rotary switch, 
range is low even at quite high power input and 4 pole, 3 way rotary switch UK made by LORLIN 
this gives a great sense of dynamic range and| 8P025 4 3pole, 3 way itt abd = ble ae 
: . tant extra position off (open frame type 
oe especially when used in bi-wired BPO26 fr 4>pole, 2 way rotary switch UK made by LORLIN 
; ; ixed control knob 
Supplied with:— 2 READY CUT BAFFLES, ALL] BP028 10 Slide soleritiomvenare inpulat values) 
CROSSOVER COMPONENTS, 2 BASS MID-]| BP029_ 6 Stereo rotary potentiometers 
RANGE, 2 DOME TWEETERS, HOOK UP WIRE,| 8P030 2 100k wire wound double precision In the cut-throat world of consumer electronics, 
GRILLE CLOTH, SCREW TERMINALS AND potentiometers UK made one of the questions designers apparently pon- 
SCREWS. BPOst 6 soa Hebbel ial for varicap der over is “Will anyone notice if we save money 
et ahr Ala eS ie tring ae of dav Elec. BP032. 4 UHF varieap tuvier Beatle unboxed and by eee this ae In the saphena 1 pie 
+£1.75 post. (Featured in Everyday Elec- untested UK made by PHILIPS one of the first casualties seems to be the soun 

tronics—May 1989 issue). Reprint Free with Kits | 8P033 2 FM stereo decoder modules with diagram quality. Small speakers and no tone controls are | 

UK made by PHILIPS _ quite common and that really is quite sad, as the 
AMPHONIC 125+125 POWER AMPLIFIER} °P4 3 Okman Paes TV companies do their best to transmit the high- 

BOtEA 2. ANLEM tuner head mouilée. est quality sound. Given this background a com- 


pact independent TV tuner that connects direct 
to your Hi-Fl is a must for quality reproduction. 
The unit is mains operated. This TV SOUND 
TUNER offers full UHF coverage with 5 pre- 


UK made by MULLARD 

BP034B 1° Hi-Fistereo pre-amp module inputs for CD, tuner 
tape, magnetic cartridge with diagram. 
UK made by MULLARD 


















































aee ; oF siren h eagpe oh Bee selected tuning controls. It can also be used in 
ERAN ee mounting 20mm type conjunction with your video recorder. 
BP037 6 Inline fuse holders 20mm type £29.50 +£2,50 p&p 
™ aedee UK made by BULGIN eS 
20 5pindin, 180° chassis socket . an 

125 watt per channel stereo power amplifier] 8P039 6 Double phono sockets, Paxolin mounted As above but with built-in stereo head- 

with independent volume controls, professional] 8P041 3 2.8m lengths of 3 core 5 amp mains flex phone amplifier for the hard of hearing 
19” rack mount and silent running cooling fan for rates P. Pvp VU ee made You can tune into the TV channel you want while 
extra reliability. BP044 2 Se ee casemtryoand still receiving the picture on your TV set. In fact it 
Output power .... 125W RMS max. per channel LP styli JAPAN made is rather like a second television, but without the 
Output impedance .............cescceees 4 to 16 ohms] BP045 2 Stereo cassette record and play heads screen. So that the ordinary TV can be placed for 
ao: (max. power into 4 ohms) JAPAN made everyone to see, and the volume on it can be 
SH VSUUNNEY esis vss pevsvnasnenasancnotie 450V at 22K ohms| 5P046 4 6-0-6 4VA mains transformers, P.C. mount comfortable for others, while the sound tuner 
Protection .... Electronic short-circuit and fuses} ppo47 4 berated ; ee can be placed where you can control it. You will 
POUT sassrrsirscvnditinneniegiinaii 220-240V a.c. 50Hz bexed Ukmade by MULLARD need to plug in one of your own listening aids 
GHESSIS GIN « sisesisoctscsecivansais 435x125x280mm| pBpo49 10 OC44 transistors. Remove paint from top and it such as headphones or an induction loop to hear 


the sound. The tuner is mains operated, has 5 
pre-selected tuning controls and can be used in 
conjunction with a video recorder. 


Size: 270x192x65mm. £35.90 +£2.50 p&p 


A.M. F.M. STEREO TUNER 


becomes a photo-electric cell (or P12) 
UK made by MULLARD 
BP050 30 Lowsignal transistors n.p.n., p.n.p. types 
BP051 6 14 watt output transistors. 3 
complimentary pairs in T066 case 
(Ideal replacement for AD161 and 162s) 
BP052A 1 Tape deck pre-amp IC with record/replay 
switching No LM1818 with diagram 
BP053 5 5watt audio lCs. No TBA800 (ATEZ) 
BP054 10 Motor speed control ICs, as used with most 
cassette and record player motors 
BP055 1 Digital DVM meter I.C. made by PLESSEY 
as used by THANDAR with diagram 
BP056 4 7segment 0.3 LED display (R.E.D.) 
BP057 8 Bridge rectifiers, 1 amp, 24V 
BP058 200 Assorted carbon resistors 
BP059 1 Power supply PCB with 30V 4V/A transformer. 
MC7818CT IC & bridge rectifier: Size 4”x 2%" 
BP060 1 Transcription record player motor 1500rpm 
240V a.c. 
BP061 5 6.35mm Mono jack plugs 
BP063 5 6.35mm stereo switched jack sockets 
2 
1 


WVGIQIG orishsciccsdecntivssssesscrctmenncannes 10kg approx 


£124.99 + £7.00 p&p 




























































































*SPECIAL OFFER! * 


£8.95 Pius £2.50 p&p 
This easy to build 3 band stereo AM/FM tuner kit 
is designed in conjunction with Practical Elec- 
tronics 

For ease of construction and alignment it incor- 
porates three Mullard modules and an I.C. IF. 
System. 
FEATURES: VHF, MW, LW Bands, interstation 
muting and AFC on VHF. Tuning meter. Two 
back printed PCB’s. Ready made chassis and 
scale. Aerial: AM-Ferrite rod, FM-75 or 300 
ohms. Stabilised power supply with ‘C’ core 
mains transformer. All components supplied 
are to strict P.E. specification. Front scale size: 
1014"x 21%" approx. Complete with diagram and 
instructions. 


BONENT SPEAKERS 
Wiig, 19" VOICE COIL, HIGH COM- 

@MOULDED PAPER CONE, ROL- 
A BIG 414” MAGNET 62. IMPE- 
£18.73 


RANGE 1” VOICE COIL, PAPER CONED 
BRIC EDGE FITTED WITH A 31/2” MAGNET. 
£5.33 


ETER ¥%4" VOICE COIL, 13/4” CONE WITH FOAM 


’ MAGNET, 60 IMPEDENCE £6.33 
POSTAGE £4.70 PER ORDER 
































BP064 12 Coax chassis mount sockets 
BP065 3mtr Euro-mains lead with a matching 
chassis socket 














MULTIBAND RADIO 
VHF 54-176 MHz + AM CB BANDS 1-80 
Listen to: AIR TRAFFIC CONTROL, 
AIRCRAFT, RADAR 

PUBLIC UTILITIES 

RADIO AMATEURS AND 

£15.95 MANY MANY MORE 


POSTAGE £2.85 =sQUELCH CONTROL 
“RUBBER DUCK AERIAL” 


























52W 2-WAY COMPONENT SPEAKER 
SYSTEM £3.95 | 


Comprises 8in rolled surround bass unit and 2Y%in 
tweeter for In-Car or Hi-Fi use. 4 ohm. Made by Sanyo. 


8 OHM HI-Fl COMPONENT SPEAKER £4.95 
61/in. Audax 60w. Res freq. 45Hz bass-mid 


8in SOUND LAB 60W £12.95 
Res freq. 38Hz full range 








Hi-Fi stereo cassette deck transport 
mechanism, complete with 3 digit rev counter 
and tape heads, 12V d.c. operation. Unused 
manufacturers surplus JAPAN made 


RADIO and TV COMPONENTS ACTON LTD 
o1HIGHSTREET ACTONLONDONW36NG {jill P&P 2 for £10 +£2.50 P&P 




















Tain OE acne Beye esis eNO aCe OSC EXTRACTABLE HOUSING FOR YOUR CAR STEREO + SIZE DINE 
Postage £3.20 each aieline | with orders Orders under £20 add £3.00 service charge. Nett * HANDLE INCLUDED * SPACE FOR MEMORY BATTERY * 40R 
' monthly accounts to Schools, Colleges and P.L.C. only. 2 SPEAKER SYSTEM. 
* SPECIAL PURCHASE ACCESS + VISA. Phone orders between 9 30 & 12pm please ENABLES YOU TO REMOVE YOUR VALUED STEREO FROM YOUR 
Batteries C size NiCad 2.2 Ah EVERY-READY AN220 Phone: 01-723 8432 or 01-992 8430 CAR (WITHOUT THE AID OF A HAMMER AND CHISEL, CHAINSAW 


£1.98 each Callers 323 Edgware Road, London W2 ETC). £9.95 postage £2.50 
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PAGES OF 
BARGAINS 








Once again EE is proud to be able to give away the full Greenweld catalogue. 
It comes FREE, banded with every copy next month. 


EEG BIOFEEDBACK MONITOR 


Would you like to listen to the rhythms of your mind? 

You don't have to be a master of Zen and Yoga to learn howto relax after 
a Stressful day! 

The brain produces various frequencies of electrical or “‘brain-wave” 
activity, the best known being Alpha, Beta and Theta. Scientists believe 
the control of these “waves” is one of the secrets of ralaxing. 





Build the EEG Biofeedback Monitor and all will be revealed. 


IRON-ON REMINDER 


Forgetting about a switched-on soldering iron can have results varying from pitted bit to a fire hazard, especially 
if left overnight. So, for constructors who habitually nod off. or wander awa V to watch their favourite TV 
programme, this circuit is a must. 
















VARIABLE POWER 
SUPPLY 


A powertul, fully variable 0-30V 2A 
output power supply that will prove 
invaluable in the workshop. 
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NEW COMPONENT PACKS 


LEED I ABI IT BOE BLE APE OTS TBA OES BAD REAITON SAMS SBA ORE AES TNE ADE SS: PERINAT Ne AON EL IIIS 
New components, lots of new packs, and a better 
selection than ever in the old favourites. If you 
haven't yet sampled these delicious component 
assortments, you just don’t know what you're 
missing! All the packs are £1 (+VAT) each, but if 
you order five packs you can select an extra one 
FREE. Order ten packs and you can have three 
extra packs FREE. Go for it! 


PASSIVE COMPONENTS 


PACK 1 - 200 RESISTORS. Finest carbon film, with 
lots of E12 values and a few precision. 

PACK 2 -100 CAPACITORS. Polystyrene, ceramics, 
metallised film. A fine selection! 

PACK 3 -30 ELECTROLYTICS. Values to 470pF. 
PACK 4 -15 LARGE ELECTROLYTICS. Values to 
4,700uF. 

PACK 5 - 10 TANTALUM CAPACITORS. Values from 
O.1 uF to 68pF! 

PACK 6 - 20 HIGH VALUE POLYESTER CAPACITORS. 
Values to at least 3u3. 

PACK 7 - 15 DIL RESISTOR NETWORKS. Lots of 
values. 

PACK 8 - 50 POWER RESISTORS. 1W and above. 
PACK 9 - 30 SUB-MINIATURE CAPACITORS. Look 
like diodes! 


OPTO ELECTRONICS & DISPLAYS 


PRT CN AOSD AF OPTI YE PAE RRA RIPE A FS ET PT RI Oe CO TRE TOR, ER PORES IED LOSE EOE SERS) 
PACK 11 - 10 5mm LEDS: 4 red, 2 yellow, 2 orange, 


2 green. 

PACK 12 - 10 3mm LEDs: 4 red, 2 yellow, 2 orange, 
2 green. 

PACK 13 - 10 Rectangular LEDs. Mixed red and 
green. 


PACK 14 - 10 Mixed LEDs. All shapes, sizes, 
colours. 

PACK 15 - 2 DUAL 0.3” CA 7-seg displays (panel 
type). 

PACK 16 - 1 DUAL 0.5” CC 7-seg display (panel 
type). 

PACK 17 - 1 QUAD 0.3” CA 7-seg display (panel 


type). 

PACK 18 - 2 INFRA-RED COMPONENTS. Emitter and 
receiver. 

PACK 20 - 1 CALCULATOR DISPLAY, eight digits. 
PACK 23 - 2 PHOTOTRANSISTORS. Respond to 
visiole and IR light. 


SEMICONDUCTORS 


PACK 26 - 3 TAG136D MAINS TRIACS (400V, 4A). 
PACK 27 - 30 IN4000-SERIES RECTIFIERS. 

PACK 28 - 30 MIXED SEMICONDUCTORS. Diodes, 
transistors, ICs, triacs, all sorts. 

PACK 29 - 20 ASSORTED ICs. CMOS, TTL, linear, 
memory, as available. Changes daily! 

PACK 30 - 20 TRANSISTORS. High grade general 
purpose NPN. 

PACK 31 - 12 BC212 TRANSISTORS. High grade 
general purpose PNP. 

PACK 32 - 12 BC213 TRANSISTORS. High grade 
general purpose PNP. 

PACK 33 - 3 DUAL OP-AMPS MC1458. With data. 
PACK 35 - 20 RECTIFIERS. Studs, high current, glass 
bead, top hat, IN4000, etc. 

PACK 36 - 50 DIODES 1N4148. The most popular 
type for projects! 

PACK 39 - 10 SURFACE MOUNT AND LCC ICs. 
Special hi-tech pack! 


MISCELLANEOUS 


PACK 41 - 4 POWER MICROSWITCHES. Push to 
break. 


PACK 42 - 8 SPST STANDARD MICROSWITCHES (V3). 


PACK 43 - 5 SPST ROLLER-OPERATED 
MICROSWITCHES (V3). 

PACK 44 - 1 MINI BIO-FEEDBACK KIT. With PCB, 
components and instructions. 

PACK 45 - 1 MINI DREAM-MACHINE KIT. With PCB, 
components and instructions. 

PACK 46 - 1 MINI BURGLAR ALARM KIT. With PCB, 
components and instructions. 

PACK 47 - 6 AUDIO TRANSFORMERS. 

PACK 48 - 200 CABLE CLIPS to attach alarm or 
doorbell wires to wall. 

PACK 51 - 1 CRYSTAL OSCILLATOR MODULE, 
19.6608MHz. 

PACK 52 - 12 PP3 BATTERY CLIPS. 

PACK 53 - 2 PIEZO TRANSDUCERS. Use as 
microphone or speaker. 

PACK 60 - 100 MYSTERY PACK of at least 100 
components. The most popular pack of all! 











UTUMN COLLECTION 


Buzz like a butterfly, hoot like a bee; the computer you pay for, but the switches are free! Match this 
famous quotation with our equally famous sound effects computer, and you could be on your way 
toa fortnight’s holiday in the Canary Islands. On the other hand, you’re much more likely to be sitting 
in your front room. But you never can tell where people read their electronics mags, can you? 


SOUND EFFECTS COMPUTER 


Take a powerful PIC655A single chip computer, mask 
program it to produce the most outrageously realistic 
sound effects, add an audio amplifier to bring them up 
to loudspeaker level, and you have the Highgrade 
Sound Effects Computer. How about a motor rally, 
complete with gear changes? Or a ship hooting its 
mournful way through the fog? Or a fly so realistic it'll 
have you running for the swat! Sirens, helicopters, 

; steam trains, aliens - you name it, it’s in there. The 
computer is easily programmed with the thirteen switches supplied. In one mode you can even play 
it like a synthesizer! | have to admit, it’s my favourite project of the moment. 

With your computer we also give you: a battery connector, a loudspeaker, thirteen switches, and a 
wiring diagram and programming instructions. You add a PP3 battery, a length of connecting wire and 
ten minutes of your time to connect it all together. 


SOUND EFFECTS COMPUTER KIT £12.80! (+VAT) 
LCD DISPLAY MODULES 


On one side of the PCB is an LCD which displays two lines of text and 
symbols. On the back there’s a powerful surface-mount drive IC to 
take in data, store it, and drive the display. Interface is through an 
eight-way connector for the power supply and data signals. We 
supply full data on the IC, which should be enough for you to get it 
up and running! 

LCD DISPLAY MODULE £6.60 (+VvAT) 10 DISPLAYS £54! (+VAT) 





LED DISPLAYS 


TYPE 1: DUAL 0.56” COMMON ANODE 

Large, high brightness digits for displays that have to be visible at some distance. Each display has two digits, but the 
connections to each are entirely separate. They can be butted up to each other to make a display as long as you choose! And 
just look at the price: 

10 0.56” DUAL CA DISPLAYS £4.80! (+VvAT) 50 DISPLAYS FOR £22! (+VvarT) 


TYPE 2: 1'/2 DIGIT 0.5” COMMON CATHODE 

Another two digit display, with the left-hand one lighting up as +1. Once again, connections to the 
two digits are entirely separate. 

PACK OF 10 1!/2 DIGIT 0.5” CC DISPLAYS £3.80! (+vAT) 50 DISPLAYS FOR £17! (+VAT) 





BAR-GRAPH LED MODULE 


Eleven rectangular green LEDs assembled as a bar graph display. The central LED is turned edge-on to indicate the ‘normal’ 
position, or for centre-zero or tuning indicator displays. All LED leads are individually available at the rear of the assembly. 
BAR GRAPH MODULE £1.40 (+VAT) 10 MODULES £11.80! (+vaT) 


LEDs 


Rectangular LEDs in a tasteful shade of green, or a violent primary red. Bring some colour into your 
life! The prices ARE genuine. 

PACK OF 100 RED, GREEN OR MIXED (you choose) RECTANGULAR LEDs £3! (+VAT) 

PACK OF 500 RED, GREEN OR MIXED LED's £14! (+VAT) 


BUFFER AMP 


Elantec EL2033 damn fast (100MHz) buffer amplifiers. Equivalent to National LHO033C. Current list 
price is £28.50 each, | kid you not. With data. 

‘ a 4 EL2033 100MHz BUFFER AMP £2.80! (+VAT) 
Full size QWERTY keyboard units with separate numeric pad and function keys. Exactly 100 keys in all. Must be good value just 


for the switches! 
COMPUTER KEYBOARD £4.80! (+VAT) 


POWER METERS 


Meter movement scaled 0-10 with red pointer against a green scale which can be back lit for glowing effect. Full scale approx. 
IMA. 
POWER METER £1.80! (+VAT) 5 METERS £7.80 (+VAT) 


MONSTER PARCELS 


PARCEL 3 Lots and lots of ICs. Who knows what might turn up? Into the parcel go all the remainders 
from past lists, ICs we haven’t got enough of to advertise separately, all the CMOS and TTL, and lots 
more. Some IC’s will be common and familiar, some won't. Some have data and some don't. 
Some you'll recognise at once, others you'll have to do some detective work on. 

A fascinating mixture with lots of nice surprises for you if you know your ICs. 

PARCEL 3A: 100 ICs for £12! (+VvAT) PARCEL 3B: 500 ICs for £49! (+VAT) 

PARCEL 4 Tants. So much nicer than common old electrolytics, | always think. An excellent 
range of values, now reaching as high as 68yF (all parcels) and up to 100pF if you're lucky! 
PARCEL 4A: 100 TANTS FOR £6.80! (+VAT) PARCEL 4B: 500 TANTS FOR £29! (+VAT) 


PARCEL 6 Transistors. A useful selection of general purpose types, with a few exotics to keep 
you on your toes. Lots of BC212s, BC548s, and other common types. 

PARCEL 6A: 200 TRANSISTORS for £7.80! (+VAT) 
PARCEL 7 LEDs! All kinds of shapes, sizes, styles 
and. colours. How about making an LED garden? 
During the day, flowers. At night, a spectacular 
display of coloured LEDs! 

PARCEL 7A: 100 LEDs for £5.90! (+VAT) 

PARCEL 7B: 500 LEDs for £24.90! (+VAT) 
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UK Orders: Please add £1 postage and packing and 15% VAT to 
the total (including postage). 
Europe and Eire: Please add £2.50 carriage and insurance. No VAT. 
Outside Europe: Please add £4.80 carriage and insurance. No VAT. 
Access Orders Please phone 0600 3715 for immediate attention 
to your order. 


HQ 


HIGHGRADE COMPONENTS LTD UN'T111,8 Woburn Road, Eastville, Bristol BS5 6TT. 
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SURGICAL TOOLS 





Another parcel of precision made stainless steel 
high grade surgical tools, made by Rocket of Lon- 
don. 

All these tools have minor surface faults (very dif- 
ficult to find on many!!) 


TWEEZERS 
A wide variety of sizes and styles, from a small 
86mm tweezer to a robust 205mm pair for heavy 
duty work. Sold in sets as described below at a sub- 
stantial saving over the individual price; typically £6 











er pair! 
34191 Pack of 11 all different, featuring both straight 
and curved ends, serrated and plain varying in 
length from 86mm to 205mm. List price is around 
£100. £12.95. 
24192 Pack of 6 pairs (over 130mm) £7.95. 
24193 Pack of 6 small pairs (up to 150mm) £6.95. 
24194 Pack of 6 selected pairs across the range. 
£7.50. 


SCISSORS 
Superb quality instruments with pointed, rounded 
and flat ends. Again these are sold in sets to give 
excellent value. 

24195 Pack of 10 assorted pairs from 100 to 140mm 
long, with both pointed and rounded ends, straight 
and curved cutting blades. Everything from 
extremely fine points to general purpose. All 10 
pairs for just £13.95. 

24196 Pack of 5 asst. pairs across the range £7.95. 














BREADBOARDS 













PROTOBLOC 1 
G708 Protobloc 1 has a total of 400 tie points consist- 
ing of two sets of 30 rows of 5 interconnected soc- 
kets plus 4 rows of interconnectd sockets running 
alongside, suitable for use as power supply rails. All 
contact positions are clearly defined on an 
alphanumeric grid. ABS polymer board mounted on 
an adhesive foam base. Will accommodate up to 
three 16 pin devices. An ideal introduction to solder- 
less circuit development systems. Size 80x60mm 

sonabacsabiiiuebesieissdscivaiieedésacntiansten sveasakeeinodencnaveonatesnns £2.50 


PHOTOBLOC 2 

G711 Photobloc 2 has a total of 840 tie points con- 
sisting of two sets of 64 rows of 5 interconnected 
contact sockets plus 4 rows of 50 interconnected 
socklets running alongside, suitable for use as 
power supply rails. All contact positions are clearly 
defined on an alphanumeric grid. ABS polymer 
board mounted on an adhesive foam base. Will 
accommodate up to seven 16 pin devices. 

ere FF OB UUIEND..ccdeseccassxeansveesesneciincsccnccnsecseaeae’ 


PHOTOBLOC 2A 
G712 As above, but the ABS polymer board is 
mounted onto a rigid base plate complete with three 
4mm terminals in red, black and green for power 
connections. A mounting bracket which clips into 
the base is also provided to accept a variety of com- 
ponents including switches and potentiometers, 
etc. 
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PROJECT BOARD GL24 
G724 2 of type G711 mounted onto a rigid baseplate 
with 3 coloured terminals, for power connections. 
Over-all size 225X 150MM .........ccceseeeeceeeeeeeee £13.95 


PROJECT BOARD GL36 
G736 3 of type G711 and an additional strip of 100 tie 
points mounted onto a rigid base plate with 4 col- 
oured terminals. Overall size 242X195mm 


SOR R eRe ee ee EEE EEE HEHE TEESE RHEE HE EH ERO HE EEO E EE DESH EEEEeEeEES 







POWER SUPPLIES 














0-24V DC 3A 

A112 Variable stabilized power supply with over- 
load protection. Meter reads voltage or current 
(switched). Two voltage ranges; 0-12V and 12- 
24Vd.c. Ideal for laboratory use. 






VUE VONNBRO wines isssrssteesdevisicrciccennss 240Va.c. 50Hz 
Output voltage:- oo... eee 0-24Vd.c. (2 ranges) 
RONWION S  sicasichica san tncshvaans vetscevsatiackisdacesdceieadscrssucsis 0.2% 
PRUMERS ssssvssisircsannsutesvennanciucanvisecbesbeassaaseieetasieves 2.5mV 


edongenhbacceucessPeveossnrees suisss 180 <X 110 X 180mm 


FORO ORM meee eee RENE SHEE E EEE EERE OEE O EEO OREO EEE EEE EE EE SEES 


0-24V DC 5A 
A113 Variable stabilized power supply with over- 
load protection. Meter reads voltage or current 
(switched). Two voltage ranges; 0-12V and 12- 
24Vd.c. Ideal for laboratory use. 













PS WONG > vii sinsensincisisncctcusiinrseees 240Va.c. 50Hz 
Output voltage:- oo... eee 0-24Vd.c. (2 ranges) 
GNI oe ack ocsiscucenscncssciecnsssatensedceapnciaensssaeebtooen 0.2% 
PUINOURS* cbesverscsenissayiessseisananecsevbicecaasusscacarnmecaes 4mV 


DIMS2- ooeeee cee eeeccceeeeeeeeeeeeeee saceseed 180 x 180 x 110mm 


FORM OREO TORE OEE SESE E ESHER ESOS REESE ER SS ESE EEE EEE SE EERE EEEEEES 




























1990 CATALOGUE 


128 PAGES OF ELECTRONIC COMPONENTS AND 

EQUIPMENT. HUGE RANGE! AMAZING VALUE! 

DON’T MISS OUT — RESERVE YOUR COPY NOW — 
ONLY £1.50 POST FREE!! PUBLISHED ON 

1st OCTOBER 1989 


HITACHI OSCILLOSCOPES 





























V223 DC-20MHz, dual Channel, single time base delayed 
sweep, DC offset, alternate magnifier, 6in screen, 5mV/div vest. 
sensitivity 0.24s/div-0.2s/div sweep time. Complete with 2 
DFODeES, ManUAl, TAINS IGG. |.2..000ccccccscsevsncshscndseacavnsaceenccsnss £475 









Other models from £339 — full details in catalogue. 


SWITCH MODE POWER SUPPLIES 


aie 










ASTEC Model AA12531 ASTEC Model AC9231 





/P: 115/230V ac 50/60Hz V/P: 115/230V ac 50/60Hz 
O/P: V1 + 5v5A O/P: 50Watt max: 

V2 + 12v 0.15A V1+12v2.5A 
Size: 160 x 104 x 45mm V2 + 5v6.0A 







































V3 12v 0.5A (+ or —) 
V4 5v 0.5A (+ or —) 
Size: 203 xX 112 x 60mm 
- Fully enclosed case with built in tap- 
ped mounting holes. 
Inputs and Output pins on edge of 
£12.95. 


Partially enclosed panel with fixing 
holes in steel case on 120 X 125mm 
centres. 

Inputs and Outputs are on colour 
coded leads; there is also an EEC soc- 
ket on a flying lead ...............0. £6.95. 

















CAR : 
SPEAKERS 









New range of high power, high quality ‘Soundlab’ speak- 
ers. 

Specially designed for in-car use at powers up to 240W!! All 
are 40 impedance. 

Chassis mounting models, complete with leads, grilles and 
all necessary fixings: 

RTS410 2X50W, 4in, 100-18,000HZ ........ccseeesesseeesees £12.95 
RTS520 2x50W, 5in+15/in, 80-18,000H2 ................ £15.95 
RTS630 2x 100W, 61/2in+2in+1in, 60-20,000H2 ...... £29.95 
PODS — Sophisticated 3-speaker systems: 

RTS300 2x75W, 3in, 2in & 1in units, 80-18,000Hz ... £27.95 
RTS400 2x 120W, 4in, 2in & 1in units, 60-20,000Hz. £39.95 


METEX METERS 


8 different models in our catalogue! ! 















412 digit 12mm LCD display 
30 ranges including 20A ac/dc 
Frequency counter 

Capacitance test with zero adjust 
Data hold switch 

Transistor test 

Diode test 

Continuity test 

Test leads with 4mm plugs 

Rugged yellow case 

Carrying case 

Battery and instruction manual included. 
AC volts 0-200m-2-20-200-750Vac +0.5% 

DC volts 0-200m-2-20-200-1000Vdc +0.5% 

AC current 0-2m-200m-20Aac +1.0% 

DC current 0-200u-2m-200m-20Adc +0.5% 
Resistance 0-200-2k-20k-200k-2M-20MQ. +0.15% 
Capacitance 0-20p-200n-20uF +2.0% 
Frequency 0-20k-200kHz +2.0% 

Transistor hFE 0-1000 NPN/PNP 

Dims 176 X 90 xX 36mm 


2 bb bb bb ob 






M4650 «£94.00 









All prices include VAT; P&P £2.00 per order. Min Credit Card 
£5. No CWO min. Official Orders from Education welcome 
— min invoice charge £10.00 

Our shop has enormous stocks of components and is open 
from 9-5.30 from Mon-Sat. Come and see us! 

HOW TO CONTACT GREENWELD: By Post: Use the 
address below: By Phone: (0703) 772501/783740 (an- 
saphone out of business hours): By Fax: (0703) 787555: By 
EMail: 72:MAG36026: By Telex: 9312131093 (GW G). 
Payment is accepted by cheque/postal order/cash inc 
foreign currency bank notes/book tokens. 


443D MILLBROOK ROAD, SOUTHAMPTON, SO1 OHX. 
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GREEN SCREEN HI-RES 
12in MONITOR CHASSIS 


































Brand new and complete except for case, 
the super high definition (1000 lines at 
centre) makes this monitor ideal for com- 
puter applications. Operates from 12V 
d.c. at 1.1A. Supplied complete with cir- 
cuit diagram and 2 pots for brilliance/ 
contrast, plus connecting instructions. 
Standard input from IBM machines, 
slight mod (details included) for other 
OVI TONS: siscaersarnisondeumicess Only £24.95 


DISK DRIVE PSU KIT 
Ideal for powering single 3¥%in or 5Y%in 
drive. Mains input, stabilized smoothed 
outputs, 5V at 1A + 12V at 1A. Simple, 
easy to assemble kit with all parts and 
PUNT WISTELICTIONS. . sisicictesscnsssderretenvins £4.95 
































FREE SOFTWARE!! 
To introduce our NEW software service, 
featuring all the best public domain and 
shareware, we're giving away, abso- 
lutely free, a 5V4in disk containing acom- 
plete catalogue of over 500 programs 
together with 2 FREE games. 
To obtain your free copy, simply add to 
your order ‘FREE DISK”. Don’t forget to 
add £2.00 post, even if you order nothing 
else! Please note all available software, 
plus this free disk is only for IBM PC com- 
patible machines using MS.DOS. 
The catalogue on disk contains brief 
information on all software available. 












































BIB ACCESSORIES 
BCC11 Liquid Static Eliminator. A spray 
can of special formula liquid giving long 
term neutralisation of all harmful static 
charges from all glass and plastic sur- 
faces. Comes complete with cloth. £1. 
BCC8 Computer terminal maintenance 
kit for screen, keyboard and printer. Con- 
tents: Soft brush for keyboard and stiff 
brush for printer and print cleaning fluid. 
Aerosol can of air-blast. Kleen-Screen, 
an antistatic liquid; cleaning cloths. All 
this is contained in a presentation pack 
for just £2.95. 
VE13 Lens Care Kit — High quality brush 
with dust protector, a bottle of antistatic 
lens cleaning fluid and a super soft lint 
free cleaning cloth, all contained in a 
handy storage wallet. Ideal for all still 
and movie/video camras — plus of 
course, spectacles. Offered at the excep- 
tionally low price of just £1.50. 


ANTEX SOLDERING EQUIPMENT 
We stock the full range of Antex Solder- 
ing Irons, all at discounted prices. 
Model C Popular basic 15 watt model. 
PGS stutlinnsewanenisidiedanane £7.95. 
Model CS 17 watt model with leakage 
less than 2yA ..........cccccccseeseeseeeseees £7.95. 
Model XS 25 watt general purpose iron, 
with a wide range of bits available. 

PUG dso ftetttciguanttiesssisadeseataseesenneen £7.95. 
Model MLXS For car/boat/caravan, this 
12V model with large clips to connect on 
battery is rated 25 watts ............ £10.95. 


STEREO VIDEO SOUND MIXER 





































































MX300 This versatile mixer is an essen- 
tial part of editing videotapes. It allows 
audio inputs from camcorder or second 
video recorder (phono), cassette recor- 
der or other music source (phono), and 2 
microphones (3.5mm). The original 
soundtrack can be monitored and there 
is a master output (phono) to the VCR. 
Power can be a PP3 battery of an external 
9V source. Smartly styled in a sloping 
front case with a matt black finish the 
overall dimensions are 

175% 110 X SSMU iccecscssecsasasesss 
































135 Hunter Street, 
Burton-on-Trent, 
Staffs. DE14 2ST 

Tel: 0283 65435 
Fax: 0283 46932 
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All prices include VAT 
























































































Shop open 9-5 Mon-Fri: Add £1 EDUCATIONAL BOOKS & 
9.2 Saturday p&pto Hl Supplying Electronics | BOOK PROJECTS 
Official orders welcome all orders f E d P 
or Education, INTRODUCTION TO ELECTRONICS 
An introduction to the basic principles of electroni i 
[D.c. MOTOR GEARBOXES | Robotics, Music, book and ext of éom ponents. Lots of simple experimetas 
with full colour illustrations, diagrams and explanations. A 
Com pu ti n g and mM Uj ch, ved book, ideal for all ages. Based on Varoboard ‘cai 
soldering. 
/ INTRODUCTION TO ELECTRONICS Book £3.50 
= uch on oh COMPONENT PACK (less book) £11.70 
sai for ghost and oo A — plastic illustrated = yea aiken sk ge konbae 
reduction gearbox coupled with a 1-5-4-5 Volt e classic Easy to Follow book suitable for all ages. Ideal 
mini motor. Variable gearbox reduction ratios CATA LOG U E for beginners. No soldering, uses an S-DEC breadboard. 
are obtained by fitting from 1 to 6 gearwheels ; Gives clear instructions with lots of pictures. 16 projects — 
Only £1.00! including three radios, siren, metronome, organ, intercom, 


(supplied). Two types available: 
SMALL UNIT TYPE MGS 
Speed range 3-2200 rpm. Size 37X43x25mm 


£3.99 







timer, etc. Helps you learn about electronic components 
and how circuits work. Component pack includes an S-DEC 
breadboard and all the components for the series. 
ADVENTURES WITH ELECTRONICS £4.75 
COMPONENT PACK (less book) £22.35 







bh 
STEPPING MOTORS ‘N 























LARGE UNIT TYPE MGL 

















Speed range 2-1150 rpm. Size 57X43xX29mm cb of top aay eas sea FUN WITH ELECTRONICS 
£4 55 He SAVING ‘eal we le interac From the USBORNE Pocket Scientist series — An enjoyable 
: computer contro! using simple interlacing introduction to electronics. Full of very clear full colour 


techniques. 

ID35 PERMANENT MAGNET MOTOR — 48 steps 
er rev. £ i 

MD200 HYBRID MOTOR — 200 steps per rev. 


£16.80 
MD35 % PERMANENT MAGNET MOTOR — 48 


pictures accompanied by easy to follow text. Ideal for all 
beginners — children and adults. Only basic tools are 
needed. 64 full colour pages cover all aspects — soldering 
— fault finding — components (identification & how they 
work). Also full details of how to build 6 projects — burglar 
alarm, radio, game, etc. Requires soldering — 4 pages 
clearly show you how. 





TOOTHED BELTS & PULLEYS 


Glass fibre reinforced belts with nylon coating. 
Width 1%", Pitch 14". Available in a range of 


lengths from 6’—26" £1.68-£2.60 























steps per rev. 2. The components supplied in our pack allows all the projects 
Matching pulleys 8 tooth, 12, 25 + 40 £1.48, MD38 PERMANENT MAGNET MOTOR — 48 to be built and kept. The book is available separately. 

steps per rev. ° FUN WITH ELECTRONICS Book £2.25 
£1 70, £2.80, £2.99 COMPONENT PACK (less book) £17.55 







IN 
VERYDAY ELECTRONICS KIT PROJECTS y 


Ref Price Ref Price 
815 EE TREASURE HUNTER Aug 89 Full Kit £39.95 578 SPECTRUM1/O PORT less case Feb 87 £10.05 
814 BAT DETECTOR Jun 89 £19.98 569 CAR ALARM Dec 86 £13.24 
812 ULTRASONIC PET SCARER May 89 £13.80 563 200MHz DIG. FREQUENCY METER Nov 86 £67.98 
807 MINI PSU Feb 89 £22.71 561 LIGHT RIDER LAPEL BADGE Oct 86 £10.86 
806 CONTINUITY TESTER Feb 89 £10.28 560 LIGHT RIDER DISCO VERSION £20.89 
803 REACTION TIMER Dec 88 £31.93 559 LIGHT RIDER 16 LED VERSION £14.52 
801 DOWNBEAT METRONOME Dec 88 £18.71 556 INFRA-RED BEAM ALARM Sept 86 £30.19 






30 SOLDERLESS BREADBOARD PROJECTS 


A book of projects by R. A. Penfold covering a wide range of 
interests. All projects are built on a Verobloc breadboard. 
Full layout drawings and component identification 
diagrams enable the projects to be built by beginners. Each 
Circuit can be dismantled and rebuilt several times using the 
same components. The component pack allows all projects 
in the book to be built one at a time. 

Projects covered include amplifiers, light actuated switches, 
timers, metronome, touch switch, sound activated switch, 
moisture detector, M.W. Radio, Fuzz unit, etc. 


































































800 SPECTRUM EPROM PROGRAMMER Dec 88 £28.72 544 TILT ALARM July 86 £8.33 30 SOLDERLESS BREADBOARD 
796 SEASHELL SYNTHESISER Nov 88 £26.61 542 PERSONAL RADIO June 86 £12.28 PROJECTS Book 1 £2.95 
795 |. R. OBJECT COUNTER Nov 88 £31.56 528 PA AMPLIFIER May 86 £28.70 COMPONENT PACK £27.15 





VEROBLOC £7.49 


ENJOYING ELECTRONICS 


Amore advanced book which introduces some arithmetic 


790 EPROM ERASER Oct 88 £26.57 523 STEREO REVERB Apr 86 £28.16 
786 UNIVERSAL NICAD CHARGER July 88 £7.44 513 BBC MIDI INTERFACE Mar 86 £29.76 
780 CABLE & PIPE LOCATOR April 88 £16.35 512 MAINS TESTER & FUSE FINDER Mar 86 £9.39 
775 ENVELOPE SHAPER Mar 88 £15.96 497 MUSICAL DOOR BELL Jan 86 £19.95 
























769 VARIABLE 25V-2A BENCH POWER SUPPLY i 95 ees peeiae ins coneri ten nate poi and calculations to electronic circuits. 48 chapters covering 
763 AUDIO SIGNAL GENERATOR Dec 87 £14.53 464 STEPPER MOTOR INTERFACE FOR THE BBC elements of electronics such as current, transistor switches, 


flip-flops, oscillators, charge, pulses, etc. An excellent 
follow-up to Teach-in or any other of our series. Extremely 
well explained by Owen Bishop who has written many 
excellent beginners’ articles in numerous electronics 


739 ACCENTED BEAT METRONOME Nov 87 £22.31 COMPUTER less case Aug 85 £8.95 


740 ACCOUSTIC PROBE Nov 87 (less bolt &probe) £18.65 1D35 STEPPER MOTOR EXTRA £8.95 
744 VIDEO CONTROLLER Oct 87 £31.03 OPTIONAL POWER SUPPLY PARTS £5.47 


745 TRANSTEST Oct 87 £10.33 461 CONTINUITY TESTER July 85 £6.60 



























734 AUTOMATIC PORCH LIGHT Oct 87 £18.29 455 ELECTRONIC DOORBELL June 85 £8.05 magazines. 

736 STATIC MONITOR Oct 87 £9.22 453 GRAPHIC EQUALISER June 85 £26.89 ENJOYING ELECTRONICS Book £3.60 
723 ELECTRONIC MULTIMETER Sept 87 £50.01 444 INSULATION TESTER Apr 85 £20.85 COMPONENT PACK £14.31 
728 PERSONAL STEREO AMP Sept 87 £15.24 430 SPECTRUM AMPLIFIER Jan 85 VEROBLOC £7.49 
730 BURST-FIRE MAINS CONTROLLER Sept 87 £14.45 392 BBC MICRO AUDIO STORAGE SCOPE INTERFACE Note - A simple multimeter is needed to fully follow this 





book. The M102 BZ is ideal. £13.98 | 


A FIRST ELECTRONICS COURSE 


724 SUPER SOUND ADAPTOR Aug 87 £40.89 Nov 84 £38.61 
718 3BAND 1.6-300MHz RADIO Aug 87 £28.25 387 MAINS CABLE DETECTOR Oct 84 £5.89 


719 BUCCANEER |.B. METAL DETECTOR inc. coils and 386 DRILL SPEED CONTROLLER Oct 84 £9.24 





















720 DIGITAL COUNTER/FREQ METER (10MHz) 337 BIOLOGICAL AMPLIFIER Jan 84 £25.71 electronics by relating them to everyday objects. At the end 
inc. case July 87 £71.43 263 BUZZ OFF Mar 83 £6.05 of each chapter a set of questions and word puzzles allow 
722, FERMOSTAT July 87 £12.93 242 INTERCOM no case July 82 £6.06 progress to be checked in an entertaining way. An S-DEC 


711 VISUAL GUITAR TUNER Jun 87 £24.48 240 EGG TIMER June 82 £7.31 
715 MINI DISCO LIGHT Jun 87 £13.41 205 SUSTAIN UNIT Oct 81 £18.78 
707 EQUALIZER (IONISER) May 87 £16.54 108 IN SITU TRANSISTOR TESTER June 78 £10.03 
700 ACTIVE I/R BURGULAR ALARM Mar 87 £37.97 106 WEIRD SOUND EFFECTS GEN Mar 78 £8.33 
581 VIDEO GUARD Feb 87 £8.94 101 ELECTRONIC DICE Mar 77 £6.67 
SPECTRUM SPEECH SYNTH. (no case) Feb 87 £22.28 


breadboard is used for this series —soldering is not required. 
A FIRST ELECTRONIC COURSE BOOK £3.75 
PACK £22.35 











622 Everyday Electronics, October 1989 


















DIGITAL 
CAPACITANCE 
METER 


EE DEC 85 

Simple and accurate (1%) measurement of 
Capacitors from a few pF up to 1,000 pF. Clear 
5-digit LED display indicates exact value. Three 
ranges — pF, nF, and uF. Just connect the 
capacitor, press the button and read the value. 


KIT REF 493 
































INSULATION TESTER 
EE APRIL 85 

A reliable electronic tester which checks 
insulation resistance of wiring appliances etc., at 
500 volts. The unit is battery powered simple and 
safe to operate. Leakage resistance of up to 100 
Megohms can be read easily. One of our own 
designs and extremely popular. 


KIT REF 444 







EE MAY 89 
Produces high power ultrasound pulses. L.E.D. 
flashes to indicate power out-put and level. 

Battery powered (9V-12V or via Mains Adaptor). 


KIT REF 812 
Mains Adaptor £1.98 GED 
































MOSFET 
VARIABLE 

BENCH 25V 2.5A 
POWER SUPPLY 


EE FEB 88 
A superb design giving 0.25V and 0-2.5A. Twin 
panel meters indicate Voltage and Current. 
Voltage is variable from zero to 25V. A Toroidal 
transformer MOSFET power output device, and 
Quad op-amp IC design give excellent 
performance. 


KIT REF 769 















DIGITAL FREQUENCY 
200 MHz METER 


EE NOV 86 

An 8 digit meter reading from AF up to 200 MHz 
in two ranges. Large 0.5” Red LED display. Ideal 
for AF and RF measurements. Amateur and C.B. 
frequencies. 


KIT REF 563 












3 BAND , 
SHORT WAVE RADIO 


EE AUG 87 

Covers 1.6-30 MHz in 3 bands using modern 
miniature coils. Audio output is via a built-in 
loudspeaker. Advanced design gives excellent 
stability, sensitivity and selectivity. Simple to 
build 


KIT REF 718 GD 















» | ACOUSTIC 
PROBE 


EE NOV ‘87 

A very popular project 
which picks up vibrations by 
means of a contact probe 
and passes them on to a pair 
of headphones or an 
amplifier. Sounds from engines, withed and 
speech travelling through walls can be amplified 
and heard clearly. Useful for mechanics, 
instrument engineers and nosey parkers! 


KIT REF 740 















MAINS TESTER & 
FUSE FINDER 


EE MARCH ‘86 
A handy unit which sounds an audible warning 
when the mains supply is disconnected and 
gives visual indication on three neon lamps of 
the connections to mains sockets. Designed for 
checking correct connections of mains wiring 
and for tracing which socket connects to which 
fuse in fusebox. Can detect no live, no neutral, no 


earth, L/N reversal, L/E reversal. 
KIT REF 512 E> 


VISUAL 
GUITAR 
INSTRUMENT 
TUNER 


EE JUNE ‘87 
Magenta designed with Quartz accuracy from a 
built in crystal. The guitar string frequency is 
compared with the reference to produce an 
ouptput in the form of “rotating” circle of LEDs. 
Speed and direction of rotation indicates how far 
out of tune. Possible to tune other instruments 


by simple circuit modification. 
KIT REF 711 £24.48 | 


STEPPING MOTOR 
INTERFACE 


EE JULY ’85 
This interface enables 4 phase unpolar stepping 
motors to be driven from four output lines of any 
computer user port. The circuit is especially 
suitable for the |ID35 motor and our MD200 which 
are commonly used in buggies and robot arms. 
Supplied complete with ribbon cable and 
connector for the BBC user port. 


parts as shown. 
KIT REF 815 £39.95 
Headphones £1.99 escheat £8.95 | 
























MINI STROBE 
EE MAY ‘86 

A hand held stroboscope which uses 6 “ultra 
bright” LEDs as the light source. Designed to 
demonstrate the principles of stroboscope 
examination, the unit is also suitable for 
measuring the speed of moving shafts etc. 

The flash rate control covers 170—20,000 RPM in 
two ranges. 


KIT REF 529 






























MUSICAL DOORBELL 

EE JAN ‘86 

This project uses a special |.C. pre-programmed 
with 25 tunes and 3 chimes. A Magenta design, 
the circuit is battery powered and only draws 
current whilst producing sounds. Two rotary 
switches select the tune required. Provision is 
made for three bell pushes, each of which 
sounds a different tune, so that three points of 
entry can be identified. 


KIT REF 497 



























EQUALISER 
EE MAY ’87 

A mains powered loniser with an output of 
negative ions that give a refreshing feeling to the 
surrounding atmosphere. Negligible current 
consumption and all-insulated construction 
ensure that the unit is safe and economical in 
use. Easy to build on a simple PCB. 


KIT REF 707 





































EE TREASURE 
HUNTER 


EE AUG ‘89 

A sensitive pulse induction 
Metal Detector. Picks up 
coins andrings etc.,upto & 
20cms deep. Low ’ "ground $235. 
effect”.Canbeusedwith ~% 
search-head underwater. 
Easy to use and build, kit 
includes search-head, handle, case, PCB and all 













“ 




























LIGHT RIDERS 

EE OCT ’86 

Thre projects under one title — all simulations of 
the Knight Rider lights from the TV series. The 
three are a lapel badge using six LEDs, a larger 
LED unit with 16 LEDs and a mains version 
capable of driving six main lamps totalling over 
500 watts. 


KIT REF 559 CHASER LIGHT £14.52 
KIT REF 560 DISCO LIGHTS £20.89 
KIT REF 561 LAPEL BADGE £10.86 


oC 
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ELECTRONIC GUARD DOG 


One of the best burglar deterrents is a 
guard dog and this kit provides the bark- 
ing. Can be connected to a doorbell, 
pressure mat or any other intruder detec- 
tor and produces random threatening 
barks. All you need is a mains supply, 
intruder detector and a little time. 


DL8000K 8-way sequencer kit with built- 
in opto-isolated sound to light input. Only 
requires a box and control knob to com- 


DL1000K 4-way chaser features bi- 
directional sequence and dimming 1kW 
per channel £21.00 
DLZ1000K Uni-directional version of the 
above. Zero switching to reduce in- 
terference £11.80 
DLA/1 (for DL & DLZ1000K) Optional op- 
to input allowing audio ‘beat’/light 
response 80p 
DL3000K 3-channel sound to light kit, 
zero voltage switching, automatic level 
control and built-in mic. 1kW_ per 


POWER STROBE KIT 


Produces an intense 
light pulse at a NN a 


variable frequency of 
1 to 15Hz. Includes 

high quality PCB, - s aa 
components, connec- 

tors, 5Ws strobe tube and assembly in- 
structions. Supply: 240V ac. Size: 
80x 50x45. 

XK124 STROBOSCOPE KIT.... £15.00 


SIMPLE KITS FOR 
BEGINNERS 

Kits include all components (inc. speaker 
where used) and full instructions. 

SK1 DOOR CHIME play a tune when ac- 
tivated by a pushbutton 

SK2 WHISTLE SWITCH switches a relay 
on and off in response to whistle com- 


SK3 SOUND GENERATOR produces 
FOUR different sounds, including 
police/ambulance/fire-engine siren and 
machine gun 
SPECIAL OFFERS ON KITS FOR 
SCHOOLS AND TRAINING CENTRES 
—contact Sales Office for discounts 
and samples 


VOICE RECORD/PLAYBACK KIT 


RECORD 


MICROPHONE 


AUDIO AMP 


HIGH QUALITY PCB 


This simple to construct and even simpler to operate kit will record and playback 


SUPER-SENSITIVE 
MICROBUG 


VARICAP TUNED 
TRANSMITTER 


1 SENSITIVE 


—VOICE PROCESSOR 
PRINTEO CIRCUIT 
AERIAL COIL 

128K MEMORY 


"] HIGH GAIN 
] AMPLIFIER 
. HIGH QUAL ITY 
FIBREGLASS PCB WITH 
SCL DER RESIST (20 = 40mm) 
4 Only 45x 25x 15mm, including built-in 
{ mic. 88-100MHz (standard FM radio). 
Range approx. 300m depending on ter- 
4 rain. Powered by 9V PP3 (7mA). Ideal for 
{ Surveillance, baby alarm etc £5.50 


short messages or tunes. It has many uses — seatbelt or lights reminder in the 
car, welcome messages to visitors at home or at work, warning messages in 
factories and public places, in fact anywhere where a spoken message is an- 


nounced and which needs to be changed from time to time. Also suitable for 
toys—why not convert your daughter's £8 doll to an £80 talking doll!! 


VERSATILE REMOTE 


| CONTROL KIT 
78x 60x 15 mm 


1—5 secs normal speed, 2—10 secs slow speed 


TEN EXCITING PROJECTS FOR BEGINNERS 


This kit contains a solderless breadboard, components and a booklet with in- 
structions to enable the absolute novice to build ten fascinating projects in- 
Cluding a light operated switch, intercom, burglar alarm and electronic lock. 
Each project includes a circuit diagram, description of operation and an easy to 


follow layout diagram. A section on component identification and function is in- 
cluded, enabling the beginner to build the circuits with confidence. 


MULTIMETER BARGAINS 


A high accuracy Autoranging meter with 
4 Display Hold, Memory features. 


0-2-200-750 1.2% 


DC current 
Resistance. 0-200-2K-20K-200K-2M 1% 
Continuity. . Buzzer sounds at /20 ohms 
127x69x25mm 


A 15 range Autoranging multimeter with 
4AC, 5DC and 6 resistence ranges. Only 
8x55x108mm. Complete with wallet. 


Ask for a leaflet on our range of meters 


ELECTRONIC LOCK KIT 


Don’t lock yourself out! This high security lock kit will secure doors 

i tosheds, garages or your front door and the built-in alarm will deter 
would be prowlers. Scores of uses including area access preventing 
unauthorised use of machinery or even disabling your 


KEYBOARD 


PROGRAM PLUG & SOCKET 
LOCK CHIP 


OUTPUT DRIVER 
| as 


QUALITY PCB 


TK ELECTRONICS 
13 Boston Road 
London W7 3SJ 
Tel: 01-567 8910 
Fax: 01-566 1916 


Includes all components (+trans- 
former) for a sensitive IR receiver with 16 
logic outputs (0-—15V) which with 
suitable interface circuitry (relays, 
triacs, etc —details supplied) can switch 
up to 16 items of equipment on or off 
remotely. Outputs may be latched to the 
last received code or momentary (on dur- 
ing transmission) by specifying the 
decoder IC and a 15V stabilised supply is 
available to power external circuits. Sup- 
ply: 240V AC or 15-—24V DC at 10mA. 
Size (exc. transformer) 9x4x2 cms. 
Companion transmitter is the MK18 
which operates from a 9V PP3 battery 
and gives a range of up to 60ft. Two 
keyboards are available—MK9 (4-way) 
and MK10 (16-way). 

MK12 IR Receiver 

(inc transformer) 

MK18 Transmitter 

MK9 4-way Keyboard 

MK10 16-way Keyboard 

601133 Box for Transmitter 


ELECTRONIC WEIGHING 
SCA LES UNITS poety 


TMS 1000 
MICROCOMPUTER 


IR LED 
aaron DUAL PHOTOTRANSISTOR 


Kit contains a single chip micro- 
processor, PCB, displays and all elec- 
tronics to produce a digital LEDreadout of 
weight in Kgs or Sts/Ibs. A PCB link 
selects the scale—bathroom/ two types 
of kitchen scales. A low cost digital ruler 
could also be made. 


MICROPROCESSOR TIMER 


Kit controls 4 
Outputs inde- 
pendently 
switching on 
/off at 18 
preset times 
over a 7-day 
cycle. LED display of time/day easily 
programmed. Includes box. 
| CT6000K 


; : XK114 Relay kit for CT6000 includes 
includes 12-way keypad, PCB, connectors and one relay. Will ac- 


and operates from 9 to 
: 4 relays. 3A/240V c/o con- 
15V (50uA) supply. Will cept up to 4 relays. 3 Agi 


drive relay or 701 150 
lock mechanism. 


car. One correct 4 digit 
code (out of 5000) will 
open the lock. Incorrect 
entries sound the alarm 
and disable the keyboard 
for up to 3 mins. Kit 


ORDERING INFORMATION All prices exclude VAT. Free 
p&p on orders over £50 (UK only), otherwise add 
£1+VAT. Overseas p&p: Europe £3.50 elsewhere 
£10.00. Send cheque/PO/Barclaycard/Access No. with 
order. Giro No. 529314002. Local authority and export 
orders welcome. Goods by return subject to availability. 


Py. N 
ORDERS: 01:5678910 24 Hours 
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THE SEASON 

This issue marks the start of another “‘season” of electronics. The 
schools and colleges are back, hobbyists are getting down to earnest 
construction work after the summer “sunshine” lay-off and many 
training schools and companies are launching a new set of recruits on 
their future careers. 

It is always a busy time for us and a time when issues are bursting with 
extras. This year is no exception with the Marco catalogue free inside 
this issue and Greenweld’s free with next month’s issue. December will 
carry a free circuit board, together with a couple of projects you can 
build on it, and all these issues will have a bumper crop of projects, etc. 


SNAPPED UP 

I am sure all readers will find the catalogue particularly useful so 
please make sure your copy is ordered from your newsagent. It is 
inevitable that issues with catalogues and other extras are snapped up 
quickly and while we do print extras to meet the demand there can still 
be shortages in some areas. 

If you do have difficulty in getting a copy please let us know, we can 


usually get our distributors to investigate. Our circulation is steadily 





rising and that can sometimes go unnoticed by newsagents who find 
themselves with a shortfall. 


TEACH-IN 
Another Teach-In book — No. 3 — is about to be published. This one 


is the complete Exploring Electronics series that appeared in Everyday 


Electronics some time ago. The 28 parts have been collected together 
into a single publication costing just £2.45. For anyone interested in 
‘learning by doing” this publication is a must — watch out for it on the 


Editorial Offices 
EVERYDAY ELECTRONICS EDITORIAL, 
6 CHURCH STREET, WIMBORNE, 
DORSET BH21 1JH 
Phone: Wimborne (0202) 881749 
FAX: (0202) 841692 
See notes on Readers’ Enquiries below-—we re- 
gret that lengthy technical enquiries cannot be 
answered over the telephone 
Advertisement Offices 
EVERYDAY ELECTRONICS ADVERTISEMENTS 
HOLLAND WOOD HOUSE, CHURCH LANE, 
GREAT HOLLAND, ESSEX C013 OJS. 
Frinton (0255) 850596 


Editor MIKE KENWARD 
Secretary PAMELA BROWN 
Deputy Editor 

DAVID BARRINGTON 
Business Manager 

DAVID J. LEAVER 


Editorial: WIMBORNE (0202) 881749 


Advertisement Manager 
PETER J. MEW Frinton (0255) 850596. 


Classified Advertisements 
Wimborne (0202) 881749 


READERS’ ENQUIRIES 

We are unable to offer any advice on the 
use, purchase, repair or modification of 
commercial equipment or the incorpora- 
tion or modification of designs published in 
the magazine. We regret that we cannot 
provide data or answer queries on articles 
or projects that are more than five years 
old. Letters. requiring a personal reply 
must be accompanied by a stamped 
self-addressed envelope or a self- 
addressed envelope and inter- 
national reply coupons. 

All reasonable precautions are taken to 
ensure that the advice and data given to 
readers is reliable. We cannot, however, 
guarantee it and we cannot accept legal 
responsibility for it. 


COMPONENT SUPPLIES 

We do not supply electronic com- 
ponents or kits for building the projects 
featured, these can be supplied by 
advertisers. 

We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 

We regret that we cannot provide 
data or answer queries on projects 


Church Street, Wimborne, Dorset BH21 1JH. 


See? 


bookstalls on 22nd September. 


_ 


CO 


SUBSCRIPTIONS 

Annual subscriptions for delivery direct to 
any address in the UK: £15.70. Overseas: 
£19.00 (£36 airmail). Cheques or bank drafts 
(in £ sterling only) payable to Everyday Elec- 
tronics and sent to EE Subscriptions Dept., 6 
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Subscriptions can only start with the next 
available issue. For back numbers see below. 


BACK ISSUES 

Certain back issues of EVERYDAY ELEC- 
TRONICS are available price £1.50 (£2.00 
overseas surface mail—£ sterling only 
please) inclusive of postage and packing per 
copy. Enquiries with remittance, made pay- 
able to Everyday Electronics, should be sent 
to Post Sales Department, Everyday Elec- 
tronics, 6 Church Street, Wimborne, Dorset 
BH21 1JH. In the event of non-availability 
remittance will be returned. Please allow 28 
days for delivery. We have sold out of Sept. 
Oct. & Dec. 85, April, May, Oct. & Dec. 86, 
April, May & Nov. 87, Jan., March, April, June 
& Oct. 88. 


BINDERS 
Binders to hold one volume (12 issues) are 


available from the above address for £4.95 » 


(£6.95 to European countries and £9.00 to 
other countries, surface mail) inclusive of 
postage and packing. Please allow 28 days 
for delivery. Payment in £ sterling only 
please. 


that are more than five years old. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY ELECTRONICS take reason- 
able precautions to protect the interests of 
readers by ensuring as far as practicable 
that advertisements are bona fide, the 
magazine and its Publishers cannot give 
any undertakings in respect of statements 
or claims made by advertisers, whether 
these advertisements are printed as part of 
the magazine, or are in the form of inserts. 

The Publishers regret that under no 
circumstances will the magazine accept 
liability for non-receipt of goods ordered, 
or for late delivery, or for faults in manufac- 
ture. Legal remedies are available in re- 
spect of some of these circumstances, 
and readers who have complaints should 
address them to the advertiser or should 
consult a local trading standards office, or 
a Citizen’s Advice Bureau, or a solicitor. 
TRANSMITTERS/BUGS/ 
TELEPHONE EQUIPMENT 

We would like to advise readers that 
certain items of radio transmitting and 
telephone equipment which may be 
advertised in our pages cannot be leg- 
ally used in the U.K. Readers should 
check the law before using any trans- 
mitting or telephone equipment as a 
fine, confiscation of equipment and/or 
imprisonment can result from illegal 
use. The laws vary from country to 
country; overseas readers should check 
local laws. 
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Constructional Project 


EE SEISMOGRAPH 


TONY HOPWOOD and ANDY FLIND—! 








Is this the first homebrew Seismograph? 


Watch for earthquakes and nuclear 
tests around the world. 


UITE A FEW months ago it was 
decided to build a seismograph and 
the following is the fruit of this 
dedicated labour. 

There are few books on the subject, so 
building one turned out to be a voyage of 
discovery in a little travelled scientific 
backwater. 

The theory is simple enough. A freely 
suspended mass will tend to remain still as 
the earth trembles under it, and the relative 
motion between the support frame and 
mass can be detected and recorded by 
mechanical or electronic means to give the 
profile of a seismic event. 

There are two basic types of seismome- 
ter. Portable “velocity type” instruments 
designed to respond to vertical or trans- 
verse waves shorter than two seconds 
period, and longer period fixed instru- 
ments. The most spectacular traces are 
recorded by long period instruments which 
can detect the surface waves arriving from 
earthquakes anywhere on the planet, so 
that’s what I built. 

A seismometer tuned to over six seconds 
period has the big advantage of dis- 
criminating against short wave local distur- 
bances like traffic, while still able to detect 





the short sharp transients that signify the 
onset of a distant earthquake. 

It was decided to build a “garden gate” 
type — a horizontal pendulum tuned to an 
eight second period, with the beam set 
North/South to be most sensitive to East/ 
West transverse waves. 

Short period instruments are usually 
electrodynamic with a moving magnetic 
mass exciting a fixed coil to convert seismic 
motion into voltage. As the period 
increases, this gets more difficult, and 
involves coils with thousands of turns of 
fine wire to give adequate signal as well as 
precision temperature compensated spring 
suspensions. 

A simpler way is to use electronics to 
sense the deviation of a long period seismic 
beam from its mechanical null— so with the 
help of Andy Flind, an electronic pickoff 
system was developed which gave high sen- 
sitivity and stability without needing any 
precision mechanical fitting. 

Construction is split between electronics 
and mechanics (to be described next 
month) and can be tackled in any order, 
although some thought should be given to 
the siting of what is rather a large instru- 
ment before final construction is started! 


Fig. 2. The electronics system block diagram for the EE Seismograph. 


626 


oe ~~  . : oe - — i @@#=-. 
ie ris © _ ‘cow-pass EL | . BUFFER ~ r 
~ —oce § FILTER — 


SYNCHRONOUS) > 





INVERTER 


BUFFER 




















——Part One 


ELECTRONICS 


The electronics of this project are 
designed to sense tiny movements of the 
Seismograph’s main beam whilst imposing 
practically no friction. As well as being sen- 
sitive, the circuit needs good long-term sta- 
bility, a feature not often required of d.i-y. 
circuits. 

There are various transducers capable of 
detecting movement. The best known, the 
variable resistor, is unsuitable because of 
its high level of friction. Various optical 
and capacitive sensors, often used in indus- 
try, were rejected because they involve 
electro-mechanical “follower” mechanisms 
that would be difficult to make. Linear 
Hall-effect devices were considered, but 
they are expensive, their long-term drift 
characteristics were unclear, and they draw 
a fairly high operating current. The possi- 
bility of battery operation was considered 
desirable for this project. 


' MOVEMENT 


Fig. 1. Coil position and movement. 


The system chosen uses two coils wound 
on short lengths of ferrite rod. One of these 
is energised with a sinewave current. The 
other is placed at right-angles about five to 
ten millimetres away from it, as shown in 
Fig. 1. If the coil positions are carefully 
adjusted, it is possible to find a “null” point 
where induced voltages in the second coil 
cancel to zero. Small displacements then 
result in output voltages, which are 
amplified and detected to indicate the 
movement. 

As a bonus, the phase of the induced out- 
put depends on the direction of movement 
away from null. In one direction it is in 
phase with the energising signal, in the 
other, opposite to it. If a synchronous 
detector is used, driven by the oscillator, 
the direction of movement will be indicated 
by positive or negative output. 


BLOCK DIAGRAM 


A block diagram of the system is shown 
in Fig. 2. An oscillator drives one coil and a 
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Fig. 3. Circuit diagram for the detector stage of the Seismograph. The coils L1, L2 are wound on ferrite rod and are 


interchangeable. 


synchronous electronic switch. The output 
from the second coil is amplified, buffered 
and inverted before going to the switch. 

The various signal waveforms in the cir- 
cuit are shown, and it will be seen that the 
switch output is similar to that from a full- 
wave rectifier. The remaining a.c. compo- 
nent in this is removed by passive low-pass 
filtering, and a d.c. amplifier and buffer 
complete the circuit. 

Whilst the effect is not completely linear 
it is good enough over the range of move- 
ment needed for the EE Siesmograph. It 
takes only a small energising current from a 


simple oscillator, is extremely sensitive, yet. 


is easy to mount and set up. Careful design 
of the electronics provides good long-term 
stability. Additionally, it’s cheap and easy 
to make. 

Disadvantages? Well, the coil on the 
beam needs two wires to energise it, but 
these, if thin and placed close to the ful- 
crum, do not impair peformance. 


PRACTICALITIES 


An instrument of this type is often sited 
some distance from occupied buildings to 
minimise disturbance and vibration from 
human activities. However, it would be 
useful to have the output available in the 
workshop or laboratory. With this in mind, 
the circuit is split into two sections, a “De- 
tector” board for the Seismometer itself, 
and a “Control” unit, containing the power 
supply and output processing circuitry. 

Connections between the two units con- 
sist of a single-ended low voltage supply, 
and one low-impedance signal lead that 
uses the negative supply as “common”. 
This arrangement means that connections 
between the two can normally be made 
using the cheapest three-core cable availa- 
ble; screening and similar precautions are 
unlikely to be necessary. 


Everyday Electronics, October 1989 


CIRCUIT 


In the detector circuit diagram, Fig. 3, 
the coil L1 is driven by a simple oscillator 
formed by two NAND gates [Cla and 
IC1b. The coils each have an inductance of 
about 2.5mH, so with C3, 1nF, the fre- 
quency is about 100kHz. This is low 
enough for simple processing but high 
enough for the characteristics of the ferrite. 
With L2 positioned as described, an output 
only appears when it moves away from the 
“null”. 

As the small movements to be detected 
produce small signals, TR1 provides vol- 
tage amplification of about ten. Its collec- 


The mechanical 
assembly and 
positioning of 

the detector 
board. 





tor output is buffered and inverted by IC3a 
and IC3b. The two anti-phase signals from 
these go to an electronic two-way switch 
formed from IC2, a CMOS 4016B quad 
analogue switch, and the remaining two 
gates of IC1. The switch output is similar to 
that of a full-wave rectifier, but is positive 
or negative depending upon the phase of 
the input relative to that of the driving 
oscillator. 

A d.c. reference of half the supply vol- 
tage is required for the op-amp stages of 
the circuit, this is supplied by IC3c and 


‘appears superimposed on the switch out- 


put. Simple low-pass filtering, R17, R18 
and C13, C14, removes the high frequency 
component of the signal, leaving a d.c. out- 
put that is nominally half the supply but 
SWINgS pOsitive or negative with coil move- 
ments. This is buffered by IC3d for trans- 
mission to the control unit. 


STABILITY 


Much care has been taken in the design 
of this circuit to ensure good long-term and 
thermal stability. Gains have been kept to 
conservative values and impedence match- 
ing resistors are used in all op-amp input 
stages. Experience with the prototype over 
the last three to four months suggests that 
these measures are more than adequate. 
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SUPPLY 


The “Control” part of the circuit, Fig. 4, 
provides a regulated supply for the detec- 
tor and processes its output. A 12-0-12 volt 
100mA transformer and bridge rectifier 
produces two supplies, positive and nega- 
tive. These are regulated with three-termi- 
nal 100mA regulators IC1 and IC2 to give 
+12 volts and —5 volts relative to the 
“common rail”. This rail is also the nega- 
tive supply and common for the detector, 
and is intended to be earthed. 

The purpose of the negative supply is to 
enable the output to swing below as well as 
above the earthed “common”, since many 
chart recorders require such a signal. The 
signal processing part of the circuit begins 
with low-pass filter R9 and C11, which 
removes any noise induced in the connect- 
ing lead between the units, although the 
low output impedance of the detector unit 
should minimise such interference. The 
signal is then amplified by IC3b, a non- 
inverting amplifier with a voltage gain set 
at about two. 

The other half of [C3 (IC3a) provides a 
reference voltage controlled by VR1 and 
VR2, “coarse” and “fine” zero adjusters. It 
will be recalled that the input is a voltage 
that varies about a nominal value of six 
volts; the effect of R7 is to shift the output 
downwards by six volts to swing about the 
“common” rail. 


CONSTRUCTION 


Construction can start with the Control 
unit, since the 12V supply will be needed 
for testing the detector. After ensuring that 
the board fits the slots of the moulded case, 
the transformer should be mounted on it. 
The holes for this are not provided as their 
spacing will vary with different makes of 
transformer. Its position can be seen from 
the layout Fig. 5, and the mounting screws 
should connect its metalwork to the large 
earthed area of copper on the p.c.b. 

The bridge rectifier and 470uF 
capacitors C1 and C5 should be fitted, tak- 
ing care with polarity, and the unit pow- 
ered up. Since this implies connection to 
live mains, the usual precautions should be 
taken to avoid inadvertant personal con- 
tact! 

A check should now reveal about 17 


COMPONENTS 


Control Unit 
Resistors 


220k (2 off) 
100 
All 0.6W +1% metal film type. 


Potentiometers 
VR1, 10k lin. carbon 
VR2 10k lin. carbon 


Capacitors 
C1,C5 470 radial elect. 35V(2 off) 
C2,C3, 100n polyester (6 off) 
C6, C7, 
C10,C11 
C4,C8 100 radial elect 25V (2 off) 
C9 1p polyester 
C12 47n polyester 
Polyesters are miniature layer 


type. 


Semiconductors 

W005 bridge rectifier, 
50V 1.5A | 

78L012 12 volt 100mA 
positive regulator 

79L05 5 volt 100mA 
negative regulator 

CA3240E, dual 
op-amp, MOSFET 
inputs 


volts across each capacitor. If this seems 
OK, C2, C3, C4 and C6, C7, C8 should be 
added (with the power disconnected of 
course), with the regulators IC1 and IC2. 
Check the polarity of the two 100uF 
capacitors. If the unit is energised again, 
the 12 volt positive supply should now 
appear across C4 and the 5 volt negative 
across C8. | 
With the power supplies operating cor- 
rectly, the remaining components can be 
fitted. A socket is recommended for IC3; 


Fig. 4. Circuit diagram for the control stage of the Seismograph. 


IC1 
78L012 
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Miscellaneous 
SK1 4mm socket-red. 
SK2 4mm socket black. 
SK3, SK4phono sockets (2 off) 
i: Mains transformer 
12-0-12V 
100mA sec. 
S1 SPST 240V toggle 
switch 
Printed circuit board, available 
from the EE PCB Service, order 
code EE658; 8-pin d.i.l. socket; 
case, ABS plastic, 150 xX 
80 <x 50mm; control knobs (2 off) 





these cost only pence and make trouble- 
shooting far simpler. 

Resistors R1 and R2 are not mounted on 
the p.c.b. R6 sets the circuit gain. If it is 
desired to experiment with this, R6 may be 
mounted on Veropins for easy access, or 
even replaced by a variable component. 
The stage gain is given by R8/R6. With the 
value given, the sensitivity of the prototype 
was about 50mV per thou. (of an inch!) of 
movement when the coils were 5mm apart, 
half this at 10mm apart. 
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+12V SUPPLY 
MAINS ee sialyr earl ZERO POTS TO DETECTOR P.C.B. 
aaa a a ar CONNECTIONS VIA SK! 







OUTPUT 





TO 
common ( SK2 
INPUT COMMON —~Vv SUPPLY TO 
SEC. TAP SEC SS DETECTOR 
, FROM DETECTOR VIA SK4 
"SECONDARY | VIA SK3 





Fig. 5. Control unit printed circuit board component layout and full size copper foil master pattern. 
This board is available through the EE PCB Service, code EE658. 





Completed circuit board for the control unit. 





The completed board slotted into the plastic case. Note the two resistors (R1, 
R2) wired directly to the two controls. 


The four input/output 
sockets on the side of the 
case. 
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TESTING 


The board is now ready for final testing. 
Two 10k resistors should be connected 
from the supply rails to the input as shown 
in Fig. 6., and one pot and the 18k resistor 
to the zero-setting connections. IC3 should 
be inserted. If the unit is energised and the 
output monitored, the pot should provide 
output adjustment of plus and minus 2.5 to 
3.0 volts (2.8 on prototype). 

A “wet finger” across one of the 10k 
resistors should produce movement in the 
appropriate direction and the 180k resistor 
across either should cause a shift of about 
0.7 volt. A quick retest of the supply volts, 
+12V and —5V, and a check that nothing is 
overheating completes the job. The trans- 
former and IC2 run slightly warm; this is 
normal. 


COILS 


The coils are needed to test the detector 
p.c.b., so these can be wound next. Each 
consists of 250 turns of 32 s.w.g. enamelled 
copper wire, layer-wound over 4cm of a 
5cm length of ferrite rod. The ferrite is cut 
to length by notching around it with a fine- 
toothed file and snapping it. A layer of 
insulation tape keeps the wire from touch- 
ing the ferrite. 

Once wound, the wire must be secured 
to prevent movement, which would affect 
stability in this project. There are various 
ways to do this; for the prototype heat- 
shrink sleeving over each coil provided 
both security and protection to the wind- 
ings, but a dip in potting resin might be 
even better. None of the coil dimensions is 
critical in any way, as only one coil is reson- 
ant and the frequency only has to be 
approximately correct. 


DETECTOR BOARD 


Construction of the detector board 
begins with the fitting of all components as 
shown in Fig. 7, save the three i.c.’s. Soc- 
kets should be used for these; they should 
not be inserted yet. 

Following a careful physical check, 
including correct electrolytic polarity, the 
board can be powered with a 12 volt sup- 
ply, still without i.c.’s. Following the usual 
electrolytic charging surge the supply cur- 
rent should settle to 0.6 to0.7mA. Any sig- 
nificant variation from this value should be 
investigated before proceeding. Assuming 
it is correct, the voltage at TR1 collector 
should be about 6 volts above the negative 





630 


10k LIN POT ee 
TOR VIEW. 
CLOCKWISE ROTATION | 
SHOULD RAISE OUTPUT 
VOLTAGE, = 


R6-GAINSETTING 


RESISTOR | 





Fig. 7. Printed circuit board component layout and full size copper foil master 
pattern for the detector board. The completed board is shown in the photograph 


above. 


+12V SUPPLY TO SK1 
OUTPUT TO SK3 


—V SUPPLY(COMMON ) 
TO SK4 


Everyday Electronics, October 1989 








(common) supply. If so, IC1 should be 
inserted and the TX coil connected. This 
will push the supply current to around 1mA 
and the four output pins of IC1, pins 3, 4, 
10 and 11, should appear to be at about 6 
volts d.c. although in reality they will be 
switching from rail to rail at the operating 
frequency. 

Next insert IC3. This will raise the supply 
current to about 1.8mA. The first three 
outputs, pins 1, 7 and 8, and the “test 
point” (driven from pin 8), should all be at 
6 volts, set by divider R15 and R16. If so, 
IC2 can be inserted and the receiver coil L2 
connected. The output should be moni- 
tored and the coils placed at right angles to 
each other, 5mm to 10mm apart. Careful 
adjustment of their relative positioning 
should locate a 6 volt output point, the 
“null”. 

Alternatively, the meter can be con- 
nected between the test point and output, 
where the null will give an output of zero 
volts with movement to either polarity. If 
the coils are around Smm apart, a sideways 


FE 


Detector Board 


Resistors 
R1 1M 
R2,R11 10k (4 off) 
R12,R17, 
R3 200k 
R4,R14 47k(2off) 
R5—2k2 Fe | 
R6 8k2 
R7 680 
R8 1k5 
R9,R10, 100k (6 off) 
R15, R16, 
R18,R19 
R13 4k7 
R20 100 

All 0.6W +1% metal film 





See page 636 


Capacitors 
C1 100p polystyrene 
G2Z,Gr 
C8,C10, 
C11,C14, 
100n polyester (7 off) 
1n polystyrene 
10 radial elect. 50V 
(3 off) 
470p polystyrene 
22n polyester 
1p polyester 
470 radial elect. 16V 
Polyesters are miniature layer 


type. 


Semiconductors 

TR1 BC184L npn silicon 
transistor 

IC1 4011B CMOS quad 
NAND gate 

IC2 4016B CMOS quad 
analogue switch 

IC3 TLO64 quad op-amp. 


Miscellaneous 

14-pin d.i.l. sockets (3 off); Vero- 
pins; 8mm ferrite rod, 10cm 
length; 32 s.w.g. enamelled cop- 
per wire; heatshrink sleeve (see 
text); p.c.b. available from the EE 
PCB Service, order code EE659. 


£12 
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Fig. 9. Layout of components inside the control unit plastic case. Note the lead 
from the junction of the two resistors to the board. 


movement of 2mm to 3mm should cause an 
output change of one volt, with polarity 
depending upon direction. The final cur- 
rent drain will vary slightly but should be 
about 1.8 to 1.9mA. This low supply cur- 


rent will allow long-term use from batteries | 


if neccessary, especially if the p.s.u. board 
is replaced with a circuit incorporating one 
of the new C-MOS micropower regulators 
such as the RS LP2951 or MAX666CPA. 


HOUSING AND 
MOUNTING 


The control and output board is housed 
in a 150X80X50 mm ABS plastic box with 
internal slots for the p.c.b. Input and out- 
put connections are made through phono 
sockets, whilst the 12 volt supply is availa- 
ble from red and black 4mm sockets. The 
“coarse” and “fine” zero adjusters and the 
mains switch are situated on top of the box. 
Wiring between these components is 
shown in Fig. 8. The prototype was not fit- 


ted with a mains fuse, it being felt that a 


2amp plug fuse was sufficient. However a 
100mA cartridge fuse could be incorpo- 
rated into the case if preferred. 

The detector board is not housed as in 
most cases it will be incorporated into the 
equipment with which it is to be used. 

Setting up and use of the detector is 
straightforward as it is very tolerant of mis- 
alignment, much of which can be compen- 
sated for with the “zero” adjustment. The 
coils are not too sensitive to nearby metal, 
though obviously they should not be 
mounted hard against large structural 
metal components. In particular, any form 
of mounting that involves a complete metal 


loop around either of the coils must be 
avoided as this would act as a “shorted 
turn” drawing much energy from the sys- 
tem. If twists of wire are used, they must be 
of insulated wires. Nylon cable ties would 
be fine, or perhaps glue. 

For the Seismograph installation, it is 
best to install the transmitter coil L1 on the 
moving beam, with a twisted pair of thin 
wires connecting it to the p.c.b., with the 
flexing portion of these wires as close to the 
beam’s fulcrum as possible. At this point it 
will have the least influence on the beam 
action. The receiver coil is best connected 
to the board with screened lead, kept as 
short as possible. 


ADJUSTMENT 


For correct adjustment a meter should 
be used to set up the detector, connected 
between output and the “test point”. It 
should have a range of plus and minus one 
volt, and the coils should be adjusted for an 
output as close to zero as possible. If 
desired a 100-0-100uA meter can be fitted 
together with as suitable series resistor, say 
10k, for continuous local indication. 

In areas of high interference it may prove 
necessary to screen the signal lead between 
the two units. Two-core screened wire 
could be used, with the negative supply 
(common) connected to the screen and the 
12 volt positive supply and signal to the 
cores. In most installations this shouldn’t 
prove necessary though, simple 3-core 
cable or telephone wire, etc. should be 
adequate even over long distances. 


Next Month: Mechanical assembly, set- 
ting-up and seismic recording. 
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A very simple, low cost unit that uses the 
popular 555 timer i.c. and a single transistor 
for audio sound generation 


HIS MONTH We introduce a simple I.C. 

: Sound Generator circuit, which can 

be used either on its own or incorpo- 
rated with other circuits in this series to 
provide an audible addition to a control or 
alarm circuit. Like all of the circuits in this 
series it can be operated from a single nine 
volt battery and may be mounted inside a 
case if this is desired. 

The generator circuit uses a 555 timer in 
the standard astable mode. The basic cir- 
cuit for this is shown in Fig. 1a. In this 
arrangement the i.c. produces an output at 
pin 3 (the i.c.s output connection) which 
repeatedly switches on and off in a timed 
sequence as shown in Fig. 1b. The duration 
of the on and off periods is governed by the 
values of Ra, Rp and C in the manner 
shown in Fig. 1b. 

The output current from the 555 timer is 
not sufficiently high to enable the circuit to 
directly drive a loudspeaker so a single 
transistor is used as an emitter follower to 
provide the necessary current handling 
capacity. 


CIRCUIT DESCRIPTION 


The full circuit diagram for the I.C. 
Sound Generator is shown in Fig. 2. Basi- 
cally the circuit consists of the 555 timer 
astable circuit shown in Fig. 1, with preset 
VR1 and resistor R1 taking the place of Ra 
and resistor R2 taking the place of Rg. Pre- 
set VR1 is included to enable the frequency 
of the output oscillation of ICl to be 
adjusted so as to give the desired output 
tone and resistor R1 is included to provide 
a minimum resistance in the circuit and to 
prevent damage to the i.c. which would 
otherwise occur should VR1 be acciden- 
tally set to its zero value. 

The frequency of the circuit’s operation 
is determined by the values of VR1, R1, R2 
and capacitor Cl. With the components 
specified the operating frequency will be at 
approximately 1kHz. Capacitor C2 is 
required by the bipolar timer i.c. to set the 
control voltage level at pin 5 of IC1. If you 
use the CMOS version of the 555 timer 
then C2 may be omitted. 

A simple emitter follower amplifier, 
formed by transistor TR1 and resistors R3, 
R4, is used to provide the current gain 
needed to drive the loudspeaker LS1. 
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Fig. 1a. Using the 
astable mode. 
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Fig. 1b. 555 timer astable timing 
diagram. 


When a current flows through the base- 
emitter circuit of the transistor this allows a 
much higher current to flow through the 
collector-emitter circuit. 

The emitter follower circuit makes use of 
the fact that the transistor’s construction is 
such that the voltage between the base and 
emitter is maintained at 0.7V. When the 
voltage at the output (pin 3) of IC1 is at the 
OV level then no current flows through 
TR1. When the voltage at pin 3 rises to the 
battery voltage then a current flows 
through the base-emitter circuit. 

In order to maintain the base-emitter 
voltage at 0.7V the voltage across the 
loudspeaker consequently rises to approxi- 
mately 0.7V less than the battery voltage. 
As the output from IC1 is constantly being 
switched on and off this causes the voltage 
across the loudspeaker to be switched on 
and off at the same frequency. 

Resistor R3 is included in the base circuit 


of TR1 to ensure that the current flowing. 












through the base-emitter of the transistor is 
kept to a safe level. Similarly, resistor R4 is 
included in the collector of TR1 to restrict 
the maximum current flowing through the 
loudspeaker to a level which will prevent 
damage occurring. 


CONSTRUCTION 


The first task when commencing the con- 
struction of the I.C. Sound Generator is to 
cut a piece of stripboard 13 strips deep and 
20 holes wide. If you are going to mount the 
project into a box by using p.c.b. stand-offs 
you will need to allow an extra six holes 
width (three each side) on the board for 
case mounting holes using a 4mm drill, 
make these mounting holes at the four cor- 
ners of the board before starting to con- 


struct the circuit. 
The component layout and details of 


breaks required on the underside copper 
tracks is shown in Fig. 3. It is important that 
these track breaks are made completely so 
that not even the merest sliver of copper 
remains to bridge across the track break. 
Once the board has been prepared you 
can start the electronic construction. To 
help with this the strips and holes have 
been numbered and lettered, see Fig. 3. 
Although it does not make any differ- 
ence to the operation of the circuit which 
order you insert the components into the 


Fig. 2. Complete circuit diagram for 
the I.C. Sound Generator. 
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stripboard you will find it easier to con- 
struct the circuit if the components are 
inserted in ascending order of size. Com- 
mence by inserting and soldering the five 
link wires into place, as shown in Fig. 3. 
The wire links are made with insulated 
single-core wire and after soldering in place 
cut off any excess wire protruding on the 
underside of the board with your cutters. 

The next task is to put the resistors in 
their correct places by first bending the 
wires of the resistor at right angles to the 
body of the component so that they will fit 
through the holes, as shown in Fig. 3. 
Counting across and down the board, using 
the numbers and letters as a guide, put all 
of the remaining resistors into their correct 
position and solder them into place. Also 
fit and solder preset VR1 into place. 

The next item to be inserted into position 
is the i.c. holder. Although it is possible to 
solder the i.c. directly into place, using a 
socket will both make the construction sim- 
pler and make for easier replacement if a 
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fault should occur. It is important that you 
take care to make sure that the notch on the 
i.c. holder is facing towards the bottom of 
the stripboard as this will help you when 
inserting the 555 timer into place. 

Next come the capacitors which are both 
non polarised types so it does not matter 
which way round they are inserted. Finally 
insert transistor TR1 into the correct holes, 
making sure that it is orientated as shown in 
Fig. 3, and soldered into place. 


INTERWIRING 


The connecting wires to the battery can 
now be soldered into place on the board. 
The black wire from the battery connector 
goes to the point on the stripboard shown 
as B1 —V and the red wire of the battery 
connector goes to one tag of the on/off 
switch $1. Another red wire is then con- 
nected between the other switch terminal 
and the B1+V connection on the strip- 
board. | 

Two wires should also be soldered to the 
loudspeaker and connected to the LS1+ 
and LS1— connection points on the strip- 
board. 
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Fig. 3. Stripboard component layout and details of 
breaks required in the underside copper strips. 
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The final step, prior to connecting the 
battery, is to insert IC1 into its holder mak- 
ing sure that the notch on the i.c. corres- 
ponds with the notch on the i.c. holder. 
Some versions of the 555 timer do not have 
a notch in one end but have a slight, circu- 
lar dent near pin one. In this case the end 
with the indentation goes nearest to the 
edge of the i.c. holder which has the notch. 


CASE 


Although the project can be easily used 
as it stands or be incorporated into another 
project, you may wish to mount it into its 
own case. The easiest way to do this is to 
use self adhesive p.c.b. mounting strips as 
shown in the photographs. 

Alternatively, you may use stand-offs in 
the position of the mounting holes previ- 
ously drilled in the stripboard before mak- 
ing the circuit up. The requisite holes 
should be carefully marked on the body of 
the case and the appropriate stand-offs 
mounted in suitable positions to support 


Bi+VE 
LS1+VE 









COMPONENTS 


Resistors 
R1 5k.6 


R2 3k.3 
R3 1k rs | 


See page 636 


R4 27 | 
All 0.25W 5% carbon 


Potentiometer 
VR1 250kmin. skeleton 
preset, horiz. 


Capacitors 
oy 0u1 Mylar 16V 
CZ 0.01 Mylar 16V 


Semiconductors 
TR1 ZTX453 npn silicon 


IC1 NE555 bipolar timer 


Miscellaneous 
LS1 8ohmloudspeaker 
S1 Min. toggle switch 
(optional) 
SK1 3.5mm switched jack 
socket (optional) 
B1 9V (PP3 or equivalent) 
battery 
Stripboard, 0.1lin matrix 13 
stripsX20 holes (see text); plastic 
case to suit (optional); 8-pin i.c. 
socket; battery connector; con- 


necting wire; solder etc. 


the stripboard. Similarly suitable mounting 
holes must be drilled to accommodate the 
switch $1 and loudspeaker LS1. 

In the version of this project shown in the 
photographs the loudspeaker is not pro- 
vided with mounting holes so it was neces- 
sary to hold the loudspeaker against the 
case lid by means of a strip of material 
which spans the width of the loudspeaker 
and is held in place with two bolts which are 
accommodated in suitable holes drilled in 


Approx. cost 
Guidance only 





The completed board mounted in its 
case. 
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the case. It will also be necessary to drill a 
matrix of holes in the lid to allow the sound 
from the loudspeaker to be transmitted. 

In order to provide remote switching the 
case can be fitted with a small switched jack 
socket, which is mounted in the side of the 
case and wired in series with the battery 
and switch S1. If desired the switched soc- 
ket can be wired in such a way that when 
the jack plug is removed the socket is 
shorted out — thus allowing the circuit to 
be controlled solely by S1 until the jack 
plug is inserted, when the circuit can then 
be controlled from the end of the cable con- 
nected to the jack plug. 

When preparing the case all of the holes 
required should be drilled before installing 
the circuitry. Similarly if the case is to be 
painted or lettered this should be com- 
pleted before the circuitry is installed. 


TESTING 


Before connecting the battery and test- 
ing the circuit you should carefully examine 
the stripboard to make sure that all of the 
components are inserted into their correct 
places, are the correct way round and that 
there are no blobs of solder shorting out the 
tracks: 

If the circuit does not operate correctly it 
will be necessary to check for faults. In this 
project the only components which will 
cause problems if they are connected the 
wrong way round are IC1 and TR1. 

If no mechanical problems are found 
then it will be necessary to check the circuit 
through to see whether there is a faulty 
component or not. You will probably find 
that you will need to use a test meter to per- 
form this stage of the process. 

Because of the high frequency of opera- 
tion of this circuit fault finding with a test 
meter can be somewhat difficult. However, 
the process can be made easier by tem- 
porarily connecting a capacitor of between 
22uF and 100uF in parallel with capacitor 
C1. This will cause the output frequency of 
the circuit to be slowed down to a level 
where the operation of the circuit can be 
easily measured. Fault finding then 
becomes much easier. 

You should be able to measure the bat- 
tery voltage between any 0 volt connection 
and both pins 8 and 4 of IC1 as well as bet- 
ween the Battery+ connection to the board 
and pin 1 of IC1. If these voltages are not 
present this will indicate faulty wiring up of 
the stripboard. 

The next step is to check the voltage at 
the output (pin 3) of IC1. If the circuit is 


The completed board wired to the loudspeaker and bat- 


tery prior to mounting in the case. 
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working correctly this voltage should be 
regularly switching between 0 volts and the 
battery voltage. 

If this does not occur and the output is 
locked permanently at a fixed voltage then 
you should remove the i.c. from its socket 
and check the voltage at the pin 3 connec- 
tion again. If the voltage persists with IC1 
removed then the fault does not lie with 
IC1 but most possibly with the wiring 
associated with the i.c. and the output or its 
associated wiring. 

Replace the i.c. and check the voltages at 
pins 2, 6 and 7. The voltage at pin 7 should 
be fluctuating around a value which is 
roughly “rds of the battery voltage. The 


voltages at pins 2 and 6 should be identical 


(because these two pins are connected 
together by a wire link) and these should 
also be fluctuating in a similar manner, but 
at a voltage slightly less than that found at 
pin 7. 

If neither or only one of these voltages 
are present then the most likely cause is 
that the circuit from the positive voltage 
rail, through preset VR1, resistors R1 and 
R2 is not correctly made. This is best 
checked by measuring the voltage present 
between OV and each junction in the com- 
ponent chain through VR1, R1, R2 and 
capacitor Cl and investigating at the point 
where no voltage is measured. 

If a voltage is present between OV and 
pin 7 but no voltage, or only a very small 
voltage, is measured between the OV rail 
and pins 2 or 6 of IC1 then you should 
check that the resistance between pins 7 
and 6 of IC1 is roughly equal that of resistor 
R2. If this is correct then check the resis- 
tance of capacitor Cl with the resistance 
range of your meter. 

If the resistance is very low (less than 
about 500 ohms) then you should replace 
capacitor C1. If there is no voltage measur- 
able between pins 6 and 2 of IC1 then this 
could be caused by a short circuit between 
the connections of C1 or by a short circuit 
within Cl. 


OUTPUT STAGE 


If the voltage switching described above 


is taking place then the i.c. and its. 


associated components are working cor- 
rectly and the fault will most probably lie in 
the area of transistor TR1 and _ its 
associated components. The first point to 
check is the junction of resistor R3 and the 
base of TR1. 

The voltage at this point should fluctuate 
between 0 volts and almost full battery vol- 
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The completed circuit board showing 
the five link. wires. 


tage, in time with the fluctuations in the 
output of IC1. If this is happening then you 
should be able to measure a similar voltage 
change at the junction of the emitter of 
TR1 and the loudspeaker LS1. 

The voltages between OV and the emitter 
and collector of TR1 should both be mea- 
sured. The voltage at the emitter should 
rise and fall, following the fluctuations of 
the output from IC1. If the voltage at the 
emitter does not rise and fall but stays at OV 
then the connections to the loudspeaker 
should be checked out. 

If the voltage remains locked at a level 
approaching the battery voltage, then the 
transistor should be checked for correct 
function by removing it from the circuit and 
measuring the resistance between the base 
and emitter and the base and collector. It is 
important to measure these resistances 
with both polarities of the meter current. 

Because of the construction of the trans- 
istor a high resistance should be measura- 
ble between the base and the other connec- 
tions, with the base connected to one of the 
meter leads, and a low resistance should be 
measurable between the base and the emit- 
ter or collector, with the base of the transis- 
tor connected to the other lead of the 
meter. If the resistances measured do not 
match the expected results then the transis- 
tor should be substituted for a new one. 


SETTING UP 


Once construction and testing are com- 
plete the circuit can be very easily set up by 
installing the battery, switching the circuit 
on and adjusting preset VR1 until a sound 
at the desired pitchis heard.  _ Oo 


The completed unit showing the matrix of holes above the 
speaker, the optional switch and jack plug. 
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EASIWIRE 


tion the easy way. 


ircuit construe 


Solderless, quick and easy to learn. That’s Circuigraph 
Easiwire from BICC-VERO. From now on you'll wonder 
why you ever used solder to construct your electronic 
circuits! 


Consider the benefits Easiwire offers: 


You need no solder, no chemicals 

You simply wind the circuit wire around the pins 
You can re-use components 

It's easy to change 

The cost is low 


What's more, Easiwire is ideal for circuit repairs. 


In kit form, Easiwire comes complete with everything you 
need to construct circuits. That includes a wiring pen with 
integral cutter, two reels of wire, acomponent positioning 
and removal tool — and an instruction book. Of course kit 
items are available separately too. 


[BICC] ELECTRONICS 
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Take advantage of the special offer price now. Complete 
the coupon below and send it to: 


BICC-VERO Electronics Limited, 
Flanders Road, 

Hedge End, 

Southampton, SO3 3LG. 


or phone 0489 788774 now with your credit card number 
(24-hour answering service) 





Please rush me.........................0:........Easiwire kits. 
Special offer price £15. — (includes p & p and VAT). 


| enclose cheque/postal Order for .............cccccceeeseeseeneeeee 
made payable to BICC-VERO Electronics Limited. 


COPE TYNE eo ke csescebccdecsl tos oe clive sideucc ude vale oeeubenk oes 
Be csi bcc bud kaatiin een ices'vbeevnp i dak cdincnpoueebies hae eT 
PTI cons sc oaswaal obiNbln shen vaghiaeccaceesasctateat eke eee 


PT hi he os od bg cvctsanddcnansddencducasiedicias AOR 
bc dbacat Kes ea T A ibdctel Mee lat ci Je cl OOOO GS wikidacieisses cate 
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TALK (4: 


BY DAVID BARRINGTON 





Newcomer 

With the new season now in full 
swing, it is time to take stock and 
replenish the “component store”. One 
item that often gets overlooked, but 
should be considered a top priority is 
updating the collection of components 
catalogues. 

One catalogue that should be added 
to the list is the latest from Jidenco. Cal- 
ling upon their vast experience in sel- 
ling to the trade, their first venture into 
Mail Order for the constructor contains 
over 100-pages, is printed on top quality 
paper and is lavishly illustrated with 
photographs of stock items. 

The stock of opto-devices, including 
l.e.d.s and seven-segment displays is 
quite extensive. The relay section is also 
fairly far ranging. Amongst other items 
that caught the eye, is a range of surface 
mount devices (SMD’s). 

Copies of the catalogue cost £1.50 
and is available direct from Jidenco. 
The catalogue contains discount vou- 
chers redeemable as follows: 50p off £5 
plus orders; £1 off £10 plus orders; £5 
off £50 plus orders. Jidenco CD, Jidenco 
House, Dept EE, Vale Road, Windsor, 
Berks, SL4 5JW. 


EE Seismograph 

Readers should not experience too 
many difficulties when purchasing 
components for the “electronics” sec- 
tion of the EE Seismograph. The 
“hardware” or mechanical require- 
ments for the project will be high- 
lighted next month. 

The ferrite rod required for the ‘‘de- 
tector” coils seems to come in various 
diameters and lengths and may prove a 
little difficult to source locally. The 
range varies from about 8mm to 12mm 
diameter and 100mm to 200mm length. 

It is quite feasible that the “null point’”’ 
can be pinpointed on all the various 
combinations of ferrite rod and the 
most popular size stocked appears to be 
the 10mm diameter by approximately 
140mm length. Ferrite rods are cur- 
rently listed by Magenta, Maplin, Cirkit, 
Omni, TK Electronics and Greenweld. 

If you have to cut down the length of a 
rod, be extremely careful as ferrite is 
very brittle. It is suggested that readers 
follow the details for cutting the rod, 
contained in the article, to the letter. 


Logo Lego and Spectrum 

The 74LS series of i.c.s called for in 
the Logo Lego and Spectrum project are 
very common devices and should not 
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present any purchasing problems. Most 
of the other components for this project 
are also standard off-the-shelf items. 

However, the 6V miniature relays 
may prove a little difficult to locate loc- 
ally. The ones in the prototype model 
were ordered through Maplin and are 
listed under their “Ultra Miniature” 
range, code FM91Y (UIt-Mn Rlay 6V 
SPDT). 

Other relays can be used provided 
they have contacts rated at 2A and acoil 
resistance of about 100 ohms. The con- 
tact ratings will, of course, depend upon 
the type of load and application 
required. 

The Spectrum edge connector and 
the Darlington driver, type ULN2803A, 
are now quite common devices and 
stocked by most component advertis- 
ers. The printed circuit board for this 
project is available from the EE PCB Ser- 
vice, code EE660. 

Readers experiencing any difficulty in 
obtaining Lego kits can contact them 
direct at Lego UK Ltd., Dept EE, 
Wrexham, Clwyd, LL13 7TQ. We also 
understand that Magenta Electronics 
(270283 65435) are a recognised stockist 
of Lego kits and should be able to obtain 
most parts. 


Stabilized Power Supplies 

Of the components required for the 
700mMA_ version of the Variable 
Stabilized Power Supply, the mains 
transformer selected by the designer 
was specially wound by the Trent Coil 
Winding Co. Quote order code 00493 
(£10.25 plus £2.55 post and packing). 

Many of our advertisers now supply 
special transformer kits for making up 
your own mains transformers. With 
these kits you just select the secondary 
requirements and, referring to a table, 
wind on the necessary number of turns. 
Alternatively, specialist transformer 
suppliers such as Jaytee Electronic Ser- 
vices should be able to come up with a 
suitable unit. 

The printed circuit board for the 
700mA version is available from the EE 
PCB Service, code EE656 (see page 
684). 

Turning our attention to the 1A 30V 
Variable Stabilized Power Supply, the 
author has again selected from the 
Trent mains transformers. The one 
specified is the 00494 (£10.25 plus £2.55 
p&p) used in a previous project and can 
be obtained from Trent Coil Winding 
Co., Dept EE, 26 Derby Road, Long 
Eaton, Notts. 

The only source to date that we have 
been able to locate for the large, moving 


coil, panel meter (110mm xX 83mm) 
used in the prototype models is from 
Maplin. This is listed under their “Large 
Meters” section, code RX54J (50uA 
Lrge Pan Meter). The Q-type quoted by 
the designer was the listing title 
adopted by Electrovalue, however we 
have been informed that all their stocks 
of the Q45 are exhausted and not likely 
to be replaced (i.e. discontinued). 

The smaller T-type alternative meter 
suggested is also an Electrovalue desig- 
nation. But, in this case, the 60mm x 
46mm is stocked by most of our compo- 
nent supplier advertisers. The meter 
resistance does differ and you will have 
to recalculate the meter resistors 
accordingly. 

As there are numerous equipment 
cases on the market, the final choice is 
left to the individual constructor. It 
should be an all metal type and be able 
to take the weight of the mains trans- 
former and have plenty of room for the 
heatsink/circuit board. 

The printed circuit board for the 30V 
Variable Stabilized Power Supply is 
obtainable through the EE PCB Service, 
code EE657 (see page 684). 


Music on Hold 

The melodies generator chip 
UM34811A appears to be the only item 
that could possibly cause sourcing 
problems to constructors of the Music 
on Hold project. This is a 16-pin multi- 
instrument melody i.c. which has a 512 - 
note memory and is capable of generat- 
ing up to 16 tunes. 

Looking through our library of com- 
ponents catalogues, this device 
appears to be only listed by Maplin. This 
should be ordered as code, UJ44X 
(UM34811A). 

Be sure to specify the lever type when 
ordering the microswitch. The small 
printed circuit board is available from 
the EE PCB Service, code EE646 (see 
page 684). 


Simple L.E.D. Timer 

We do not expect any component 
buying problems for readers undertak- 
ing the Simple L.E.D. Timer, one of this 
month's pocket money projects. 

There are two popular CMOS ver- 
sions of the standard 555 timer i.c. 
stocked by practically all our compo- 
nent advertisers and either of these 
should work in this circuit. The two 
devices in question are designated 
ICM7555 and TLC555C and are com- 
pletely pin for pin compatible with the 
bipolar 555 timer. 

The bargraph type l.e.d. display is 
now quite acommon unit and should be 
stocked by most good component 
suppliers, although it may prove a bit 
cheaper to purchase individual stan- 
dard |.e.d.s. The 6V-12V solid state buz- 
zer is another item that is stocked, in 
many versions, by most advertisers. 


1.C. Sound Generator 

We cannot forsee any component 
sourcing problems for readers con- 
structing the /.C. Sound Generator, this 
month’s “pocket money” project. 

The self-adhesive stand-off insulator 
strips or “feet’’ for mounting the circuit 
board in the case should be generally 
available. No doubt readers will have 
their own ideas about mounting the 
board in the case. 
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Yes, you too can afford pie very best in real Hi-fi equipment by building 
a HART kit. With a HART kit you can avoid the hilarious prices and 
magical claims of the ‘oxygen free grain oriented copper’ brigade and 
the flashy exterior and mundane interior of the mass market products. 
With every HART kit you get the benefit of circuit design by world 
leaders in their field, men of the calibre of John Linsley Hood for 
instance who has been in the forefront of audio design for many years. 
This circuit expertise is harnessed to realise its full potential by HART 
engineering standards which have been famous in the kit field since 
1961. The HART approach is simply to give you the best value in Hi-fi by 
combining the best circuit concepts with the latest and best 
components within a unit carefully designed to bring out your hidden 
skills as an equipment builder. 

Units in the HART audio range are carefully designed to form matched 
stacks of identically sized cases, in many cases even the control pitches 
are also lined up from unit to unit for a cohesive look to your 
customised ensemble. 

Flagship of our range, and the ideal powerhouse for your ultimate 
system is the new AUDIO DESIGN 80 WATT POWER AMPLIFIER, 
described in the May issue of ‘Electronics Today International’. This 
complete stereo power amplifier has so many features that you really 
need our list to browse through them all. Glossing over its technical 
merits, which its pedigree guarantees anyway, it is a power amp with 
the extra versatility of a built-in passive input stage giving three 
switched inputs, volume and balance controls. Tape or CD players 
may, therefore, be directly connected along with a standard pre-amp 
output, indeed your system may not need a preamp at all with the well 
balanced output of competent CD players. 

Send for our new FREE Spring ‘89 List. It has full information on this 
aed _— as well as details of improvements to other kits in our 


Our 300 SERIES amplifiers for instance now feature optional Phono 
input sockets and double size LCR power supply capacitors. 

The 400 SERIES John Linsley Hood Audiophile Tuner range now 
incorporates the very latest updated stereo decoder circuit which can 
also be retro-fitted to existing tuners with our ‘Tuner Enhancement 
Package’. 

Also listed are many exciting new products for the serious audiophile 
such as our Gold plated phono and XLR plugs and sockets and ultimate 
quality connection leads for CD audio or digital signals. 
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Yes its 25MtH1z for £29 
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QUALITY AUDIO KITS | (9691) e52894 


HART AUDIO KITS 


— YOUR VALUE FOR MONEY ROUTE TO ULTIMATE HI-FI 


ALPS PRECISION LOW-NOISE STEREO POTS 


Just arrived in stock. Exciting new range of precision audio pots in 
values to cover most quality amplifier applications. All in 2-gang stereo 
format, with 20mm long 6mm dia. steel shafts. 

Throw out those noisy ill-matched carbon pots and replace with the 
real hi-fi components only used selectively in the very top flight: of 
World class amplifiers. The improvement in track accuracy and 
matching really is incredible giving better tonal balance between 
channels and rock solid image stability. 

Values available are 10K and 100K Log, 100K lin and 10K Special 
Balance. (Zero loss in centre position). Our prices are incredibly low for 
pots of this quality due to large purchases for our quality kits. 


2-Gang Special Balance, zero crosstalk and zero centre loss ...... £7. 80 


We are so impressed with these new controls that we will include them 
in the passive input stage of our new 80 watt power amplifier kits AT 
NO EXTRA CHARGE until November 1989. 


SOLENOID CONTROLLED FRONT LOAD 
CASSETTE DECK TN3600 





High quality (0.08%W&F) successor to our very popular SF925F. A very 
useful high quality cassette mechanism for domestic or industrial use. 
Offers all standard facilities plus cue and revue modes all under 
remote, logic or software control. The power and control requirements 
are very simple with 12V solenoids and 12V Motor with built in speed 
control. Deck is supplied as standard fitted with a very nice 10kHz R/P 
head and a 1.5mH erase head. 

TN3600 Deck with stereo head ou.......csessessessesessesesseeseeseseesseesevees £48.53 
INF340 Full manufacturers data ..........c.cccccscsssscssesseeseseseeecsecseesees £2.90 
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| ALL PRICES INCLUDE VAT 
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Full 2 Year Warranty 


To scale the heights, just call 
Us for your FREE copy of our 





HIGH QUALITY REPLACEMENT 
CASSETTE HEADS 





Do your tapes lack treble? A worn head could be the problem. Fitting 
one of our replacement heads could restore performance to better than 
new! Standard inductances and mountings make fitting easy on nearly 
all machines and our TC1 Test Cassette helps you set the azimuth spot 
on. As we are the actual importers you get prime parts at lower prices, 
compare our prices with other suppliers and see! All our heads are 
suitable for use with any Dolby system and are normally available ex. 
stock. We also stock a wide range of special heads for home 
construction and industrial users. 

HS16 Sendust Alloy Stereo Head. High quality head with excellent 
frequency response and hyberbolic face for good tape contact . £17.86 
HC40 NEW RANGE High Beta Permalloy Stereo head. Modern space 
saver design gives excellent high-frequency response with easy fitting 
and lower cost. Suitable for chrome, metal and ferric tapes, truly a 
universal replacement head, with ample quality for Hi Fi decks and 
CHOSD OMOUGH FOF CAL DID VOTE! -....ccscincescorsesessnsenetncnsussaieonsstsansoonoonse £6.65 — 
HX100 Special Offer Stereo Permalloy Head ...........ssssessessesesereens £2.86 
HRP373 Downstream Monitor Stereo Combination Head ......... £44.39 
HQ551 4-Track Record & Play Permalloy Head for auto-reverse car 


Players Or QUadraphONic FECOFING .........secsessecsesseesessessessesneeeeees £16.79 
H524 Standard Erase Head ......ccccssscsccscsesssssscsssssssesesessessseesseeeees £2.59 
SM166 2/2 AC Erase Head, Standard Mount ..........cccccccssssseeeeees £12.60 
HS9510 2/4 Stereo DC Erase Head .........c.cccsscsesesesesssesesesesesesesesesees £8.70 


HO751E 4/4 AC Erase Head, tracks compatible with HO551 ...... £57.06 
We can supply card reader heads for OEMs at very keen prices. 


REEL TO REEL HEADS 
999R 2/4 Record/Play 110mH. Suits Stuart tape Circuits ............ £13.34 
998E 2/4 Erase Head 1mH. Universal! Mount. Suits Stuart ......... £11.96 


TAPE RECORDER CARE PRODUCTS 
HART TC1 TEST CASSETTE Our famous triple purpose test cassette. 


Sets tape azimuth, VU level and tape Speed ............cccceceseceeeeesen £5.36 
DEM1 Mains Powered Tape Head Demagnetizer, prevents noise on 
playback due to residual head magnetisation ..........ccsceseseseeee £4.08 
DEM115 Electronic, Cassette Type, demagnetizer ..........cscseen £8.61 


Our new SPRING ‘89 List is FREE. Send for your copy now. Overseas 
customers welcome, please send 2 IRCs to cover surface post, or 5 for 
Airmail. 


Please add part cost of carriage and insurance as follows:- 


INLAND OVERSEAS 
Orders up to £10—£1 Please see 
Orders £10 to £49—£1.50 the ordering 
Orders over £50—£2.50 information 
Express Courier—f£9 with our lists. 
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Special Feature 


CAR ELECTRONI 





IGNITION SYSTEMS “GA 


STEWART ROBERTSON 





“You know about electronics what’s up with my 
car?” You reply, “Well, er, you see” pregnant 
pause, “I don’t know-—gulp-—in fact I don’t know 
anything about electronic ignitions.” 

How embarrassing. Well it was when it 
happened to the author. Having read Everyday 
Electronics religiously every month, he still 


didn’t know the answers. 


HE FOLLOWING article sets out to redress the balance in the 
: reader’s favour. You'll need something in your favour 
because there are very few cars made these days with stan- 

dard ignition systems. So let’s start at the beginning. 


INDUCTANCE 


If you apply a voltge to an inductor the current doesn’t instan- 
taneously rise to a maximum but grows relatively slowly. The 
actual rate of growth is dependant on the applied voltage and the 
resistance and inductance of the circuit. 

What happens is the growth of current is resisted by a voltage 
(called back e.m.f.) which is induced in the inductor. Similarly 
when a steady current is switched off the inductor opposes that 
change by producing an e.m.f. which tries to maintain the flow of 
current. 

Now e.m.f.s are voltages, so by getting current to flow through a 
coil and then switching the current off we can generate a voltage. 
Which if the inductance is large the resistance low and the rate of 
switch-off quick can be quite a high voltage. 


TRANSFORMERS 


This high voltage can be stepped up to say 40kV if we use the 
transformer action by winding another coil of many turns around 
the inductor. This is essentially the action of a coil in a conven- 
tional ignition system. 

The current is switched on and off by the contact breaker points 
in the distributor. The rotor arm and distributor cap are used to 
direct the high voltage to the correct spark plug. See Fig. 1. 


HOW IT WORKS 


Let’s just go over the circuit in case we have to find any faults in 
it. The source of supply is the car battery which, by a heavy duty 
cable, normally connects to the starter solenoid. The solenoid ter- 
minal is used to feed current to the ignition switch, which in turn 
feeds the coil positive (+) terminal. 

Current flows to Earth (car chassis) through the coil if the con- 
tact breaker points are closed. When the points open a high vol- 
tage is induced and there is a capacitor connected across the points 
to reduce arcing and enhance the effect. 





638 


TO STARTER 


STARTER 
SOLENOID 


BATTERY 


IGNITION 
> SWITCH 





Fig. 1a. Conventional c.b. ignition system. 
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Fig. 1b. Conventional ignition system with an in-circuit 
current limiting “ballast” resistor. 


High voltages leave the coil by the thick lead (lots of insulation) 
which goes to the distributor. Typical coil primary resistance is 
three ohms and maximum current in the region of four amps. 
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This system is called the “‘Kettering” system after Charles Ket- 
tering who invented it. It works O.K. provided the spark is made 
to occur when the respective cylinder is just before-top-dead- 
centre (BTDC). This can usually be adjusted by rotating the dis- 
tributor in its mounting and is called “timing” the ignition. 


SPARK ADVANCE SYSTEMS 


Unfortunately there are some mechanical add-ons to enhance 
performance (anything mechanical is unfortunate). One of these 
add-ons is to advance the spark so that it occurs earlier at high 
engine revolutions. 

This is known as the “centrifugal advance system” and is a 
quaint collection of bob weights and springs buried in the bottom 
of the distributor. As the revs increase it rotates the cam of the con- 
tact breaker points a few deegrees in the direction of rotation, thus 
the spark occurs earlier. 

Similarly the base plate is rotated by another system which 
advances the spark only on light throttle openings. This is an 
economy device which is activated by a vacuum capsule on the side 
of the distributor. 


C.B. IGNITION ENHANCEMENTS 


Ballast Resistor 

The current carried by the coil is forced through by the voltage 
applied by the battery. Unfortunately, when cranking from cold 
the battery does not provide as high a voltage. A solution is to pro- 
vide a coil which has a resistance of only 1.5 ohm so that at the 
reduced voltage it will still draw about 4A of current. 

However, when the engiiie is running, 12V to 14V will be avail- 
able and so an extra resistance (“‘ballast resistor’) is connected 
into the circuit to limit the current to the 4A required. See Fig. 1b. 
This system aids starting. 


Sliding Points 

When the points arc, they are eroded; if the arcing can be spread 
over a larger area it will take longer to erode the points and service 
intervals can be extended. The more recent Minis have an example 
of how to achieve this. 

As the points open the base plate and cam follower are arranged 
so that the points surfaces slide across each other and spread the 


- MAGNETIC FIELD 


DWELL ANGLE 


CIRCUIT 


Fig. 2. Dwell angle or “dwell time” is 
the period the contacts are closed. 


LIMITATIONS 


The Contact Breaker system was invented by Charles Kettering 
in 1908. Although he was undoubtedly a far-seeing man (he later 
became head of General Motors) it is not surprising that we are 
now able to improve on his invention. 

The areas most in need of improvement are to be found in the 
low voltage section of the distributor. 


Points 

The points are a switch which when closed allows current to flow 
in the coil. The size of the voltage that is generated by the coil is 
directly proportional to the SPEED that the points open and the 
AMOUNT of current that the coil carries. 

Both speed and amount of current are limited by the size of the 
points set. A large set could carry more current but would not open 
so quickly or alternatively a small set would open quickly but not 
be able to carry the current. A modern points set is a compromise. 


Dwell 

The time that the coil has to store energy is determined by the 
time the points are closed and is known as the “dwell time”. At 
high engine speeds the dwell time is very short and can become 
inadequate leading to misfiring and certainly to inadequate com- 
bustion and loss of power and economy. This occurs because the 
dwell time is controlled by a fixed dwell angle of cam rotation. See 
Fig. 2. 


Maintenance 
Arcing at the points surface erodes the metal and adjustment is 
lost. The cam follower also wears and contributes to loss of gap. 
Adequate gap to prevent arcing and maintain dwell angle is 
gradually lost and needs to be restored every 5000 miles or so. If 
emissions and economy are to be maintained even more frequent 
adjustment is called for. 


Timing 

All timing operations are controlled mechanically. They are 
therefore subject to friction, wear and general lack of accuracy. 
Low emission, high performance and good economy all rely upon 
accurate timing. 


Everyday Electronics, October 1989 





passa Tne 
ae 


N____' ___ ~~ _#ALL EFfecr 
| a— CHIP oF 
inn a SENSING _ 

ea CIRCUIT — 





Fig. 3. Basic action of the Hall effect device. A magnetic field from a magnet is broken 
by a rotating disc and induces an energising pulse in the device. 


erosion over a greater area. This is claimed to increase service 
intervals to 12,000 miles. 


TRANSISTOR ASSISTED IGNITION 


So far in our view of ignition systems it’s implied that the 
improvements have been to increase the maintenance period and 
improve economy. But there is now an even greater pressure on 
the manufacturers to reduce emissions. Rich mixtures of fuel and 
air produce a lot of nasty by-products but they do ignite easily. 
Modern engines run on lean mixtures—some very lean indeed. 

To make sure the air/fuel mixture ignites properly it requires a 
high energy spark and a high voltage. The ordinary C.B. ignition 
systems are not always able to manage this, particularly at high 
engine speeds, so transistor assisted systems were introduced. 

The energy stored in a coil is equal to 4%LI? where L=the induc- 
tance and /=the current. It is clear that if the current is doubled the 
energy available is four fold. Unfortunately the points are already 
over burdened—if they were made larger to carry more current 
they would have too much inertia to handle the revs. 

But by the use of transistors (usually a Darlington Pair) large 
currents can be controlled quite easily and additionally the current 
can be switched very fast and with no arcing. Triggering of the 
transistors can be by contact breaker points or by some device 
which requires less maintenance. 


ADVANTAGES 


Large currents mean high energy, similarly fast switching speeds 
mean high voltage generation—this gives reliable firing when 
cranking and at high engine speeds. Dwell angle is less critical. 
Points sets, if used, carry only small currents and therefore last 
longer without adjustment. 

Switching is clean, no arcing, so timing is more accurate. Also 
the effects of points bounce can be eliminated which ensures more 
accurate timing. 

Overall the result is a car which starts more reliably, produces 
more power and is more drivable when cold and needs less choke. 
This is bound to improve emissions and fuel economy. 


HOW TO RECOGNISE 


This type of system has now been superseded but was normally 
housed in a module attached to the side of the distributor or 
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Fig. 4. Hall effect arrangement. (a) Vane switch (or 
sensor) and rotor vane assembly. (b) Interaction of 
rotor vane and vane sensor. 


attached to the coil. The coils have a low primary resistance of 
about three-quarters of a ohm. | 

Any system which is electronic but still uses the points is likely to 
be of this type. The modules are commonly called ‘“‘amplifiers” or 
“igniters’’. 


IGNITION TRIGGERING SYSTEMS 


Contact points are mechanical switches; because they are 
mechanical they wear and need regular adjustment. They also 
bounce when they open and close at high speed, this can affect the 
accuracy of their timing. 


ALTERNATIVES 


With transistor ignition systems it is no longer necessary to rely 
on the points to perform the triggering function. With only a little 
more circuitry it is possible to trigger them with sensors which have 
no moving parts. 

Early systems sometimes used photo-electric light sensors which 
produced a pulse when masked from a light source by a revolving 
disc. These were perfectly satisfactory but modern practice is to 
use a magnetic sensor and two systems now predominate. 


Hall Effect 

Modern semi-conductor technology has produced a device which 
when placed in a magnetic field deflects an electric current and is 
called a ‘‘Hall Effect’’ device. See Fig. 3. 

The actual arrangement is to fix a Hall Effect chip in a dis- 
tributor so that a flanged disc rotating on the distributor shaft 
masks it from a magnet. Slots in the flange allow the magnetism to 
reach the Hall Effect device when the trigger pulse is required. 

The Hall Effect chip is supplied with current and at the correct 
moment a trigger pulse appears on the output connection which is 
fed to the control module. No adjustment should ever be required. 
See Fig. 4. 


Reluctor Systems 

When a magnetic circuit is broken any coil in that circuit will 
_ experience an induced voltage. This voltage can be used to trigger 
a transistor ignition system. If a toothed wheel is part of the 
magnetic circuit then the circuit will be interrupted when a tooth is 
not in alignment with a pole piece. 

An early method was to put the toothed wheel into a distributor 
and this has the advantage of being able to utilise the centrifugal 
advance and the vacuum advance systems. The disadvantages are 
that distributor bearings wear, gear backlash and the mechanical 
advance systems still produce some inaccuracy. See Fig. 5. 

A more recent method is to put the toothed wheel on the 
flywheel where there is no backlash or possibility of drive gear 
wear. Additionally extra teeth can be provided so that engine 
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Fig. 5. Early distributor reluctor system arrangement. 
(a) Reluctor and pick-up assembly. (b) Reluctor tooth 
and pick-up alignment. 


speed can be sensed by the same sensor. However, alternative sys- 
tems are then required to replace the vacuum and centrifugal 
advance. See Fig. 2. 


ADVANTAGES 


Accurate ignition timing from a no-maintenance system which 
once set should not need adjustment. 


CONSTANT ENERGY IGNITION 


It takes time between each spark for the current and hence the 
magnetic field in the coil to grow to its maximum. If the coil does 
not reach full capacity it will not generate its full output and will be 
unable to ignite weak mixtures and misfiring can occur. 

Certainly incomplete combustion leading to poor power and 
high emissions do occur. This is particularly the case with high rev- 
ing engines and 6, 8 and 12 cylinder units. 

There are numerous solutions to this problem but because elec- 
tronics are relatively cheap it is common to find combined systems. 
The commonest are described below: 


Electronic Dwell Control 

Dwell period is related to the angle that the cam in the dis- 
tributor rotates through while the points are closed. This is called 
“dwell angle” and is usually about 50 degrees on a contact breaker 
system (see Fig. 2). 

If dwell angle is increased at high revs, there will be an increase 
in dwell period compared with a fixed dwell angle system. This is 
easy to arrange if electronic triggering is in use. The increased 
period allows the coil time to reach its maximum current flow and 
hence maximum energy storage. 

The reduced dwell at low revs, reduces current consumption and 
heating of the coil. 


Constant Current Operation 

With constant current operation the coil resistance is made so 
low (0.80 ohm) that the coil current rises to its maximum even in 
the short time available at high revs. The constant current circuitry 
prevents it from rising too high in the longer periods available at 
low revs. 


STATIONARY ENGINE CUT-OFF 


Both the above systems employ a circuit which cuts off current 
to the coil when the engine is stationary. This is essential as other- 
wise the coil would overheat with the high current (as high as about 
18A) which could flow if the ignition were left on. 

These systems optimise the ignition system so that regardless of 
engine speed, battery voltage, starting or high revs, the engine is 
provided with a powerful and consistently timed spark. And yet at 
low revs, or when stationary, components are protected from 
excessive heat and power is not wasted. 
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Fig. 6. Flywheel reluctor 
sensor. This comprises a 
permanent magnet, with a 
projecting pole piece, and a 
reluctor disc bolted to the 
flywheel. 





HOW TO RECOGNISE 


Most modular electronic ignition systems now incorporate all or 
some of the previously mentioned techniques. These systems are 
usually housed in packs which are attached to the side of dis- 
tributors or on the bulkhead with the coil. 

However, note they still use the mechanical vacuum and cen- 
trifugal advance mechanisms so there is still a distributor-like cas- 
ing driven by the cam-belt or camshaft. Only in the programmed 
ignition systems is the distributor eliminated (except for cap and 
rotor arm). 


PROGRAMMED IGNITION 


Transistor ignition systems with a conventional distributor using 
centrifugal advance and vacuum advance do not completely meet 
the requirements of modern engines in modern operating environ- 
ments. 

Distributor systems sense engine load by the use of manifold 
depression. This is arranged to mechanically vary the rotation of 
the distributor. Apart from the usual difficulties associated with 
mechanical control systems such as friction, wear and backlash; 
there is a limitation in the range of different amounts of advance 
which can be accommodated. See Fig. 7. 

Similarly centrifugal (bob weight) advance systems mentioned 
previously have all the mechanical disadvantages mentioned and 
can provide only two stages of advance. Finally mechanical sys- 
tems have no facility for the input of additional information such as 
engine temperature. 


IGNITION ADVANCE 


Fig. 7. Ignition or “engine” map using 
the distributor system. 
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Fig. 8. Engine map using the program- 
med ignition system. 


MICROPROCESSOR IGNITION 
CONTROL 


Programmed Ignition comes in the ubiquitous “black box” cal- 
led an ECU (Electronic Control Unit). It makes use of aROMi.c. 
to store information about a particular engine’s advance require- 
ment under all load and speed conditions. In operation this is then 
read by a microprocessor and further modified by additional inputs 
such as coolant temperature and engine knocking (‘‘pinking’’) to 
provide the optimum ignition advance. 

The stored information called an engine ‘“‘map”’’, is worked out 
by the engine manufacturer on an engine test bed (see Fig. 8). 
Even the most rudimentary programmed ignition system will 
require the following inputs: engine position; engine speed; mani- 
fold depression; battery voltage and coolant temperature. 

Engine position and speed are often taken from a flywheel reluc- 
tor sensor, (see Fig. 6) which comprises a permament magnet with 
a projecting pole piece and a reluctor disc which is bolted to the 
flywheel. 

The disc has pairs of lugs projecting at 10 degree intervals 
around the circumference. The sensor is mounted in such a way on 
the engine that as the flywheel rotates the pairs of lugs pass each 
side of the projecting pole piece. Thus for an instant at 10 degree 
intervals the sensor and the lugs form a magnetic circuit and also 
pulses are generated, their frequency indicating the speed of rota- 
tion of the engine. 

However, at Top-Dead-Centre (TDC) for cylinders 1 and 4 and 
at 180 degrees further round thus TDC for cylinders 2 and 3 there 
are pairs of lugs missing. There will therefore be pulses missing at 
these points and the ECU can thus detect TDC for the appropriate 
cylinders (see Fig. 9). In this way engine speed and position is pas- 
sed to the ECU. 


ENGINE LOAD 


Engine load is the other important parameter and this is related 
to manifold depression. In other words if the throttle is wide open 
(full load) manifold depression will hardly exist as the manifold 
will be at virtually atmospheric pressure. If on the other hand the 
car is decending a hill on a trailing throttle (no load) there will be a 
large vacuum or high manifold depression. 

On light loads the engine runs much more economically if the 
ignition is advanced. You may recall that a vacuum capsule is fitted 
to distributor type ignition systems to achieve this. With program- 
med ignition the manifold pressure passes up a pipe to the ECU 
where it is measured with a pressure transducer. 


ADDITIONAL INPUTS 


Engine temperature is a useful input to include in an ignition sys- 
tem in that retarding of the timing can lead to better drivability 
from cold and speedier warm-up. A coolant sensor is already avail- 
able on most cars anyway (for the temperature gauge) and so this is 
relatively cheap to implement. / 

Temperature sensors are made from a negative temperature 
coefficient semiconductor, encapsulated in a brass housing and 
screwed into the engine block or thermostat housing. Their resis- 
tance varies from about 10 kilohms at — 10°C to about 300 ohms at 
engine running temperature. 


IGNITION ADVANCE 





Fig. 9. Typical waveform to be expected 
from a reluctor sensor output. 
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KNOCK SENSOR 


A significant addition with programmed ignition is the ‘knock 
sensor’! Engines are more economical, more powerful and pro- 
duce less harmful emissions if run at maximum advance. 

In the past the standard setting always had to allow a margin for 
error because the consequences of an over-advanced engine are 
dire; broken pistons and burnt valves to name a couple. But witha 
microprocessor looking after the ignition it could run the engine at 
maximum safe advance and it could sense the onset of “‘knocking”’, 
““pinking”’ (or whatever you call it) it could then retard the ignition 
until the unwanted condition ceased. 

This “feedback” scheme of things is exactly what is 
implemented and what is more the relatively high speed of a micro- 
processor allows it to differentiate between different cylinders and 
only retard the ignition on the cylinder required. Being a feedback 
system there is also the possibility that this can compensate for the 
age of the vehicle or the wrong fuel. 

The knock sensor is a piezo electric accelerometer and is 
screwed into the block. The name belies a simple construction of a 
piezo crystal which is clamped between the block and a weight (i,e, 
a thick washer). See Fig. 10. 

Vibration of the engine thus squeezes the crystal and produces a 
signal. The tricky bit is then to sort out which signal is the one 
which indicates knocking. Inside the ECU you can imagine there 
are bandpass filters and other bits of jiggery pokery (sorry signal 
processing). 

A typical algorithm for the microprocessor is: At the fourth igni- 
tion pulse after the knock has occurred the timing is retarded in 
steps of 1.25 degrees until the knock disappears. The ignition is 
then advanced by 0.625 degrees every 32 engine revs until the 
advance agrees with the figure in the ROM (Read Only Memory) 
or the knock occurs again. 
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Fig. 10. Mechanical arrangement for the piezoelectric trans- 
ducer “knock sensor” and examples of output waveforms. 
The sensor is screwed into the engine block. 


PROGRAMMED IGNITION 
ADVANTAGES 


The advantages of the programmed ignition are: Better drivabil- 


ity; easier starting; smoother running; improved economy and 
power and automatic adjustment for the age of vehicle. Additional 
inputs can be added to give traction control, smooth idle, 
smoothed auto gear change, turbo boost control and exhaust gas 
recirculation. Inter-connection with a fuel management system is 
also possible which enhances the effect of both systems. 


HOW TO RECOGNISE 


Apart from the rotor arm and distributor cap all the other func- 
tions of a distributor have been replaced by an Electronic Control 
Unit (ECU). The ECU is a box, often black, it has a finned section 
and apart from a multiplug has a vacuum pipe from the inlet mani- 
fold leading into it. It is often mounted on the bulkhead or suspen- 
sion turret. 


FAULT-FINDING. 


Both programmed ignition and the simpler module type ignition 
system are easy to fault find as long as you remember that their 
function is to replace the contact breaker. Have a look at the diag- 
ram of the basic system (Fig. 1 and Fig. 11) and visualise the ECU 
in place of the contact breaker and ignore all the sensors. 

Clearly a bulb connected across the two coil terminals should 
flash when the engine is cranked, if not then check for battery vol- 
tage from the coil all the way back to the battery. You should also 
find battery voltage on the coil negative with the engine 
stationary—due to “‘stationary engine cut-off’ referred to earlier. 
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Fig. 11. Block diagram showing the Electronic Control Unit 
(ECU) superimposed on the conventional c.b. system. (See 
also Fig. 1.). 


If the test bulb still does not flash then it has to be the feed to the 
module or ECU which is often taken from the coil positive termi- 
nal or direct from the ignition switch. 

If the car still does not start, and assuming it is the ignition, then 
it must be the high tension circuit. A word of caution is due here: 
electronic ignition circuits produce quite a kick, so be careful! 

High tension circuits must be tested in such a way that you 
always provide an “Earth” path. If you don’t it’ll find one of its 
own and do some damage on the way. The best check is to dive in 
the middle. Remove the lead to the centre of the distributor cap 
and rest it on the engine in such a way that a spark can jump to the 
block. When cranking if you don’t get a healthy spark which will 
jump across “in. then you’ve got problems with the coil. If you 
have a spark then the fault must be in the distributor cap or rotor 
arm. 

With a Programmed Ignition the sensors can cause a problem. 
Obviously if the TDC sensor has failed the system will not func- 
tion. Check out with a multimeter, reluctor coils have a resistance 
in the couple of hundred to three or four kilohms bracket. Failed 
ones are open circuit or short circuit. 

Similarly with coolant temperature sensors, open or short. 
Good ones range from 10 kilohms when cold down to 300 ohms at 
100°C. Hall Effect sensors are difficult but try your multimeter 
switched to a.c. volts on the output lead. With the engine cranking 
any reading probably means O.K. 


POOR PERFORMANCE 


Apart from tired components like plugs and leads poor perfor- 
mance can only be caused by bad timing, so with the module type 
of ignition check it and also check the operation of the vacuum and 
centrifugal advance systems. 

_ Programmed ignition cannot get its ignition timing wrong except 
if it thinks the engine is cold so check out the coolant temperature 
sensor. The only other problem could be “‘pinking”’ and this points 
the finger at the knock sensor. 


Incidentally, correct function of this component can be verified 
by tapping the engine block close to the sensor quite hard and 
repeatedly with a spanner. If the engine is ticking over at hot idle 
speed you will detect a drop in speed which indicates the timing has 
been retarded. However, some cars have a stepper motor control- 
ling the idle speed so this will have to be disconnected first. 


IN CONCLUSION 


We have purposely not attempted to explain the workings of the 
inside of “‘black boxes’ found in the ignition systems on cars. 
Nobody in their right mind is going to attempt to fix one of them at 
the side of the road. 

The guts of the ECU’s however are very interesting and will 
perhaps be considered at a later date. What we have attempted to 
do is show that although sophisticated, these systems are quite 
easy to understand at the block diagram level and give enough, we 
ei information to quickly resolve any problem associated with 
them. 

Do please look before you leap — like any electrical device in 
the hostile environment of a car engine compartment — most 
faults are caused by poor connections. Oo 
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MORE PRIMARY BANDS 

Although there is apprehension 
about pressures on amateur radio fre- 
quency allocations at the next World 
Administrative Radio Conference it is 
heartening to be able to report some 
- gains at the present time. 

The WARC held in 1979 agreed that 
the 18.068 to 18.168 and 24.890 to 
24.990MHz bands should be transferred 
to the amateur service on a primary 
basis. In order to protect existing users, 
while replacement frequencies were 
being found for them, the bands were 
made available to Class A amateurs 
initially on a restricted basis only. 

These restrictions involved limita- 
tions on type of transmission, 
maximum power and antenna charac- 
teristics, and a requirement that no 
interference be caused to other ser- 
vices. Only Morse transmissions were 
allowed with a maximum power of 
about 10 watts, and antennas were 
limited to horizontal polarisation with 
no greater gain than that of a half-wave 
dipole. 

The original services have since been 
moved to other frequencies and, as 
from 1st July 1989, the two bands are 
now available to amateurs on a primary 
basis, using all permitted modes of 
transmission at the normal power 
levels applying to the amateur hf. 
bands. 

Apart from Morse, stations can also 
operate with telephony, radio teletype 
(RTTY), data, facsimile, and slow-scan 
TV, with power limits of 1OOW carrier or 
400W PEP (peak envelope power) for 
emissions with suppressed or reduced 
carrier, e.g. single-sideband (SSB). 
There is no restriction on the perfor- 
mance of antennas so beams can be 
erected to provide better long distance 
(DX) performance. 

Despite the restrictions a good 
number of amateurs have been using 
these bands for the last few years. New 
h.f. transceivers nowadays _ include 
facilities for the “new WARC bands”, 
and the dropping of the Morse only rule 
will undoubtedly make the bands 
interesting for many more operators. 


POWER LEVELS 

| have quoted “maximum power” in 
watts, which is how the amateur licence 
used to specify power. The present 
licence however sets out power limits in 
dBW, which is a way of expressing 
power levels relative to a fixed amount 
of power, in this case one watt. 

Using this system, 1W is written as 
OdBW. Doubling the figure in watts 
adds 3 to the dBW figure so, for exam- 
ple, 2W equals 3dBW and 4W equals 
6dBW. 

In the amateur licence, therefore, the 
100 watts and 400 watts | mentioned 
above are defined as 20 and 26dBW 
respectively. The definition was 
changed in 1982, but most amateurs | 
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know find it confusing and still talk 
about “watts” when referring to the 
power of their transmitters. No doubt 
that is why advertisements for the latest 
“state-of-the-art” rigs also still describe 
power levels in the old-fashioned way. 


EARLY COMMUNICATIONS 

Edinburgh’s Museum of Communica- 
tion will be displaying some interesting 
items from its collection in the Upper 
Library, Bo'ness over the weekend 16th 
to 18th September. On show will be 
examples of early spark transmission, 
telegraph and telephone mechanisms, 
early single and multi-valve receivers, 
services communication receivers and 
transmitters, clandestine radios, early 
domestic wireless sets, gramophones, 
horn speakers, and more. 

These are just a few of the things col- 
lected over the years by the museum's 
curator, Harry Matthews. He is continu- 
ally adding to the collection and is 
always pleased to hear from anyone 
having interesting items which need a 
“good home” where they can be pre- 
served for posterity. 

Harry is always involved in interest- 
ing activities. In Morsum Magnificat, 
Summer 1987, there was a description 
of one of his projects—“tidying-up”, 
photographing, and drawing the cir- 
cuits of a historic WW2 spy-set for Leith 
Police who were setting up their own 
museum. 

The set had an interesting story. It 
was in the luggage of Werner Walthi, 
arrested at Waverley Station, Edin- 
burgh, in September 1940, and sub- 
sequently hanged as a spy. Acode used 
by the Germans was found in Walthi’s 
luggage and decoy messages were 
transmitted with the radio giving false 
information on the movement of British 
shipping, resulting in a number of U- 
boats being destroyed. 

Further particulars about the 
museum, and the special exhibition at 
Bo'ness, can be obtained from Harry 
Matthews, 22 Kinglass Avenue, 
Bo'ness, West Lothian, EH51 90A. 

Incidentally, Bo’ness is the home of 
the Kinneil and Bo’ness Steam Railway. 
Over the weekend of the museum's 
exhibition trains will be operating on 
the 7 mile return journey to the Birkhill 
Clay Mine, newly opened to the public 
this year by the Bo’ness Heritage Trust. 


SKELETON IN THE CUPBOARD 

Most of the time in this column | extol 
the attractions of amateur radio as an 
enjoyable and _ satisfying scientific 
hobby covering many fields often on an 
international scale. It has social, adven- 
turous and experimental aspects, plus 
worthwhile opportunities for public ser- 
vice, all at the choice of the individual. 
My message, as ever, is “come and join 
us”. 

But nothing is perfect and there is one 
area of activity within amateur radio 


QOO 





where problems have existed for years, 
and no-one seems to know how to deal 
with it. This is the disruptive behaviour 
of a small section of operators using 
v.h.f. repeaters. 

Talk-through repeater stations are 
installed by clubs or groups at favour- 
able high sites to enable amateurs 
operating mobile stations, usually from 
their cars, etc., to contact other stations 
over greater distances than is normally 
possible by direct transmission. The 
repeaters receive signals on one fre- 
quency and re-transmit them = on 
another, and because they are used by 
many different stations there is need for 
good operating discipline. 

Unfortunately, some operators pay 
no regard to these needs, hogging the 
repeaters for normal _ base-station, 
rather than mobile, operation; making 
new users of repeaters unwelcome; 
interrupting on-going QSO’s (contacts) 
with foul language, abuse, or illegal 
transmissions of music and generally 
blocking access for other users. 

It all started in the early ‘70s when 
repeaters were first introduced and | 
remember it being said then that 
nothing could be done by the 
authorities unless the culprits were 
actually heard by them and could be 
identified. There were apocryphal tales 
of the “boys” going out at night in their 
cars with direction-finding equipment 
to find the culprits, but what happened 
when they did | cannot say! 

Nowadays there are some 250 repeat- 
ers throughout the country and while 
some areas seem to have less trouble 
than others, the problem still exists. The 
licensee for all UK repeaters is the Radio 
Society of Great Britain while the vari- 
ous groups are franchised to run the 
repeaters on the Society's behalf. 

Following complaints by over 70 
amateurs about the misuse of one 
repeater last year the repeater group 
concerned declared that although it was 
responsible for the technical side of the 


‘installation it could not censor the 


users. In response to this the RSGB’s 
Repeater Management Group 
emphasised that the group as franchise 
holder was responsible for the way the 
repeater was used, adding that in a 
similar case the DTI had requested a 
shut down. 

Occasionally one hears that an 
amateur has been prosecuted for repeat 
er offences, both in the UK and in other 
countries. It seems a pity though that 
the only other solution is the shut down 
of a repeater since that surely repre- 
sents a victory for the few saboteurs 
over the majority of decent users. 

Many people listening to amateur 
radio for the first time, perhaps in a 
friend’s shack, hear repeaters in action 
and judge the hobby from what they 
hear. | can assure them that if they listen 
on other frequencies they will get a 
completely different impression. 
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TEACH-IN SERIES 


TWO SPECIAL 
PUBLICATIONS 











FROM EVERYDAY ELECTRONICS = 


SEE DIRECT BOOK SERVICE pages—for full ordering details 


THE FIRST “TEACH-IN” BOOK 
ONLY £1.95 pusrar 


By Michael Tooley BA and 
David Whitfield MA MSc CEng MIEE 


A comprehensive background to modern elec- 
tronics including test gear projects. This 104 page, 
A4 size book forms a complete course in basic elec- 
tronics; designed for the complete newcomer it will, 
however, also be of value to those with some previous 
experience of electronics. Wherever possible the 
course is related to ‘‘real life” working circuits and each 
part includes a set of detailed practical assignments. 


This book is an excellent companion for anyone interested in 
electronics and will be invaluable for those taking G.C.S.E. or 


B.T.E.C. electronics courses. ORDER CODE: EE/T-! 








ELECTROMICS 
TEACHZIM 2:2 


| £2.45 


EXPLORING 
ELECTRONICS 


cl Explains the workings of components | 
— and circuits by involving the reader | 
in inexpensive experiments. 












































5 Split into 29 easily | 
digestible sections | 


3 Contains many useful projects| 
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TEACH-IN 88/89 BOOK 
£2.45 plus P & P 


A complete City and Guilds 
Certificate Course for 726/303 
Introductory Microprocessors 


Written by Mike Tooley BA this course can lead 
successful readers to a City and Guilds Certificate. 
Everything you need to know is included—even pre-test 
papers, etc. 

From Terminology, Integrated Circuits and Logic 
Families in Part One, the course progresses in easy 
stages up to High- and Low-level Languages, Flow 
Charts and Assembly Language. Also featured is a 
range of eight Data Pages giving information on popular 
microprocessor chips. A comprehensive index is 
included, making this a _ valuable’ reference 
manual. ORDER CODE: TI 88/89 


EXPLORING xz... 
IELECTRONICS Sistem: | 


NEWSAGENT ORDER FORM 


Please reserve/deliver a copy for me. 


e and Addre 
eae CAPITALS PLEASE) 


| Make sure of your copy —cut out this form, fill it in 


i hand it to your newsagent. { distributed by Seymour.) 


SEE YOUR NEWSAGENT NOW! 
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STEVE KNIGHT 






























Part Four 


Apart from delving into the basic theory of p.s.u. design and potential problems, this short five part series will 
introduce three practical projects which are fairly simple to build and have reasonably good specifications. 

The three stabilized units are: Variable OV to 12V 1.5A; Variable OV to 25V 1A; Variable 1.5V to 25V, with 
switched current limits of 0.5A, 1A, 1.5A and 2A. | 


current limiting, one providing 0 to 

25V at 700mA and the other 0 to 
30V at 1.0A, are our subjects this month. 
Before getting on with the constructional 
details, however, a few words about the 
meters used on these projects won’t be out 
of place. 

The addition of a voltmeter/ammeter 
indicator to any power unit, although not 
strictly necessary, really completes the job 
and gives it a more professional finish. Of 
course, it is always possible to calibrate the 
voltage control knob on the panel with vol- 
tage markers, and since for a stabilized sup- 
ply there is negligible variation in the out- 
put voltage within the specified current 
range, this is an inexpensive alternative. If 
cost is also in mind, a single voltmeter can 
be fitted; this will indicate gross current 
overloads by either falling to zero on short- 
circuited loads or failing to increase when 
the normal current has been exceeded. 

The thing to try and avoid is rescaling a 
meter which has a scale marked in a com- 
pletely different fashion from what is actu- 
ally wanted. This can be done and the 
author has rescaled many, but it is a job 
that requires some skill and a whole lot of 
patience in removing an existing scale with- 
out damaging the instrument itself and 
some reasonable artistry in marking the 
new scale to its proper divisions. 


METER 


In both this month’s designs, a 50uA 
meter, type Q45, has been used. This is a 
large meter measuring 110mm X 83mm 
and the scale, as provided, is marked 
(naturally!) 0-SOwA. 

The scale changes needed are fairly sim- 
ple to carry out, but do NOT under any cir- 
cumstances do this on a dirty bench top or 
anywhere else where there are iron filings 
or other pieces of eager minutiz waiting to 
get into the moving-coil mechanism and 
jam everything solid. Find yourself a dust 
free corner away from the wife, kids and 
the dog; then carefully remove the plastic 
covering and put it to one side. 

Equally carefully remove the two scale 
fixing screws and slide the scale from 
beneath the pointer. Now put the meter 
and the two screws inside the plastic cover 
and put the lot in a safe place. 


T WO REGULATED power supplies with 
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METER SCALE 


The first of this month’s projects needs a 
scale reading 0-25V and 0-1A, and Fig. 
4.1a and Fig. 4.1b shows the scale before 
modification and afterwards. You need a 
packet of rub-of lettering with figures 
which reasonably match those already in 
the scale. 


aA ie 


MICROAMPERES 
D.C. 


4-2 


5 
i 
© 0) 
O 


MICROAMPERES 
D.C. 


Mla 


10 
ANd 
“4 a 


The existing mA marking and scale 
figures have now to be removed; this is best 
done by gently scraping them with a used 
razor blade, keeping the blade at right ang- 
les to the surface and avoiding “digging in”’ 
the corner of the blade. This sounds as 
though we are going to end up with a 
patchy surface but with the necessary pati- 
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NG | /// , 7 
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Fig. 4.1. Meter scaling before (a) and after (b) modification. The top figures are 


removed as well as the wA marking. 
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ence the scale print will come off and leave 
the underlying white surface undisturbed. 

Practice on the small unimportant print- 
ing at the foot of the scale first. Then get rid 
of all the dust and add the V and A lettering 
and the additional numbering as shown in 
Fig. 4.1b. You then have a scale reading 0- 
25V and 0-1A. 

For the second project we need a scale 
reading 0-30V and 0-1A. Here the voltage 
scale doesn’t fit readily into the existing 
divisions, so we leave the 0-50 markings as 
they are and add only the current figures 0- 
1A in exactly the same way as before. True, 
we shall only be using three-fifths of the 
scale length for our 30V output, but these 
scales are quite large and easily read so this 
is no great hardship. 

Reassemble the scale on to the meter, 
taking care that the screws don’t fall into 
the works, and snap the cover back into 
place. Do this at the bottom first so that the 
zeroing button engages properly. It should 
do this without adjustment if you haven’t 
disturbed it. 

You can if you wish use a smaller 50uA 
version of this meter, the type T21 (see 
Shoptalk), and modify ‘the scale in the same 
way. If you don’t fancy rescaling meters in 
this way, use separate meters for voltage 
and current. The 1A type T30 and the 30V 
type T43 are suitable. 


Constructional Project 
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Fg. 4. 2. The Senora block diane fi for thet two ) stabilized slipoliead daitvibed. 


REGULATED SUPPLIES 


Both projects to be described are very 
similar in construction and apart from a few 
minor details, the assembly instructions 
which follow can apply equally to both 
designs. Both circuits use discrete transis- 
tors, four in the case of the 25V unit and six 
in the case of the 30V unit. 

Some might think that the circuits are 
retrograde in that they are not using integ- 
rated packages, but apart from fairly 
expensive regulator i.c’s, the performance 
figures for these designs are better than 


VARIABLE STABILIZED 


POWER SUPPLY 


0-25V at 700mA maximum, ripple less than 3mV r.m.s. 


HE COMPLETE circuit diagram for the 0- 

25V Stabilized Power Supply is shown 
in Fig. 4.3. This design will provide a highly 
stabilized output adjustable from 0 to 25V 
at amaximum current of 700mA and with a 
ripple of less than 3mV r.m.s at full load. 
The output impedance is one ohm, D.C. to 
80kHz. 


The power input is derived from trans- 
former T1 which has two secondary wind- 
ings, one of 28V at a current rating of 1.5A 
and the other of 12V at a rating of 100mA. 
Both of these supplies are rectified by 
bridge rectifiers REC1 and REC2 respec- 
tively. After smoothing by capacitor Cl, 
the positive supply line from REC1 goes on 


those obtainable from integrated systems. 
Also, few external components are saved 
by their use and additional circuitry is 
nearly always required to get the output 
voltage range from i.c. regulators down to 
zero. We will be coming to an example of 
integrated design with these additions in 
next month’s project. 

Both circuits operate on the principles 
shown in the block diagram of Fig. 4.2 
where the various parts covered in Part 1 of 
this series are now brought together in 
practical form. 





through the series regulator transistor 
TR1, a 2N3055 (or a 2N3771 may be used), 
and the current sense resistor R9 to the 
positive supply output terminal. 

The output from bridge rectifier REC2 
provides, after smoothing by capacitor C2, 
a negative line which supplies the zener 
reference diode D3 and also biasses the 
emitter of the error detector TR3 in con- 
junction with the diodes D1, D2, to 
approximately —0.7V. This arrangement 
allows the output voltage to be taken down 
to zero. 

The series regulator transistor TR1 car- 
ries the whole of the output current and 
acts as an automatic resistance. Its base 
current is controlled by the error amplifier 


Fig. 4. 3. Completa: circuit diagram for 
_ the 25V 700mR Variable Stabilized 
upply. Capacitor C8 Is i rounie’s > _ 
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Fig. 4.4. Printed circuit board component layout and full size copper foil master pattern. Drill fixing 
centres marked “’F” to suit mounting spacers. 


TR2 which amplifies the output from the 
error detector TR3 to a level sufficient to 
drive the base of TR1. 

Base bias for TR1 and collector bias for 
TR2 are provided by resistor R4. Hence, 
whatever happens at the base of TR3 has 
the effect of adjusting the effective series 
resistance of TR1. 

The base of TR3 connects to the voltage 
adjusting potentiometer VR2. This control 
sets the required output voltage to any- 
thing between OV and 25V. Once this is set, 
any unwanted variation in the output level 
is passed to the base of TR3 and initiates 
the feedback to TR1. 

Suppose the output tends to fall slightly. 
The voltage at the base of TR3 falls and its 
collector current (derived through resistors 
R2-R3) also falls. This increases the base 
voltage of TR2 which, being in emitter-fol- 
lower configuration, increases the base 
current of TR1. This reduces the resistance 
of TR1 and the output fall is compensated. 

This regulation also acts to reduce the 
output ripple voltage; any ripple on the 
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rectifier side of transistor TR1 is passed by 
way of resistor R6 to the base of the error 
detector (TR3), and this, together with 
capacitor C6 effectively bypassing VR2 to 
a.c. ripple components in the output, ena- 
bles the feedback to treat the ripple as an 


‘unwanted variation. 


CURRENT LIMITER 


Transistor TR4 serves as the current lim- 
iter. Its base-emitter bias is derived from 
the voltage developed across the series 
resistor R9. Providing that this voltage is 
less than about 0.7V, TR4 remains 
switched off. 

The value of resistor R9 is one ohm and 
when the output current reaches 700mA, 
the voltage drop is 0.7V. This then switches 
transistor TR4 on and takes control away 
from the error detector TR3. 

The base of TR2 consequently moves 
negative and TR1 is biased back to the 
point where a 700mA current cannot be 
exceeded, In actual practice, the current 
limit may lie betweeen 650 and 750mA, 


depending upon the tolerances of resistor 
R9 and transistor TR3. 

The output is monitored by the switch 
selected Voltmeter/Ammeter already 
described and _ finally smoothed by 
capacitor C8. Preset controls VR1 and 
VR3 are used to set up the voltage limit 
readings on the meter when the unit is 
ready for testing. 


CONSTRUCTION 


Everything except the mains trans- 
former, the meter and its switching, and 
the voltrage adjust control, goes on to a 
printed circuit board (p.c.b.). In turn, this 
p.c.b. screws on to a simple aluminium 
heatsink which carries the series regulator 
transistor TR1. The same heatsink is used 
in the second project to be described, and 
what is said here about the various mount- 
ings will apply equally well to the later 
design. 

The circuit board component layout and 
full-size copper foil master pattern ts shown 
in Fig. 4.4. A ready-drilled printed circuit 
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board is available from the EE PCB Ser- 
vice, code EE000. 

When assembling this board the only 
precautions to be taken are, the usual ones 
of getting the rectifiers, electrolytics and 
diodes the right way round. More care is 
needed for bridge rectifier REC2 than for 
REC1. Bridge REC1 can only go in one of 
two ways but REC2 can go in any one of 
four! 

Check very carefully, and take care with 
the soldering, in particular around the 
transistor connections. Transistor TR2 
must have a corrugated type heatsink 
pushed on to it, and wirewound resistor R9 
should be spaced away from the surface of 
the board by at least 3mm. There is a short 
link needed immediately below the posi- 
tion of VR3, don’t overlook this or the 
meter won’t work, although everything 
else will. 


AMMETER/VOLTMETER 

Resistors R13 and R14 need a few 
words. These convert the basic 50uA 
meter movement into an ammeter (A) and 
a voltmeter (V) respectively. Resistor R14 
is switched in series with the meter on the 
voltage range; since the meter has to read 
25V full scale deflection (f.s.d) and its own 
internal resistance is stated to be 
17000nms, we have to restrict the current 
through it to 50uA when 25V is applied to 
it and R14 in series. By Ohm’s law we get: 
R14 = 25/(50 X 107°) = 500kQ, less 17000 
= 498,3000. 

Well, we aren’t going to pick that off the 
shelf, and the and the best we can do is to 
use a 510k), 1 per cent resistor. This will 
tend to make the reading slightly on the low 
side but this is compensated for by the fact 
that the voltage is actually being measured 
on the higher potential side of resistor R9 
and what appears at the terminals is always 
slightly less than this. 

For the current reading, the f.s.d.is 1A. 
What we are now effectively reading is the 
voltage drop across R9 interpreted in terms 
of current. 

If 1A flowed through R9 it would drop 
1V, hence we want the meter to provide 
f.s.d. when 1V is applied to it and the series 
resistor R13. Hence R13 = 1/(50 X 10°) = 
20k, less 17000 = 18.3kQ. An 18kQ, 1 
per cent resistor will do here. 

If, of course, you use any alternative 
meter, you will need to recalculate these 
values. 


HEATSINK 

We now have to fit the circuit board to 
the heatsink which carries the 2N3055 
series controller transistor (TR1), and we 
do this in the same way as we did for last 
month’s project. Bend a piece of 16s.w.g. 
aluminium (you can use 14s.w.g. if you 
wish) to the dimensions shown in Fig. 4.5. 

Place the board on the heatsink, away 
from the “bend” side, and mark through 
the two fixing holes indicated by “‘F’’ on the 
board. The board will be screwed to the 
aluminium sink at these points using ¥2in. 
spacers. 

Let the bottom edge of the board be a 
quarter inch or so above the foot of the 
aluminium. There is nothing critical about 
the actual positioning. 

Spray the heatsink black if possible and 
mount TR1 at its centre, insulating the 
transistor TO3 case from direct contact 
with the aluminium with the usual insulat- 
ing kit. A silicone rubber washer is prefera- 
ble to mica here, but if you use the latter, 
give both sides of it a thin smear of heat 
transfer compound before mounting. 
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Solder three differently coloured flexible 
leads to the emitter, base and collector 
(case) of transistor TR1 long enough to 
reach to the E, B and C solder pads at the 
top edge of the board after it has been 
screwed to the heatsink. It is easier if you 
have soldered Vero pins to these points, 
and the same, if you wish, to the other out- 
put pads. 

When the board has been screwed to the 
heatsink, it should look something like Fig. 
4.6; TR1 leads looping neatly over the top 
edge of the board and soldered to the 
appropriate pins. The spacers may be 
either metal or plastic types, 6BA or 4BA 
threaded. If you use metal types, ensure 
that they are not fouling the board wiring 
tracks. Their length is not critical, but in 
should be considered a minimum. 

This completes the board and heatsink 
assembly. 


BOXING UP 


We have not specified any particular 
case for this project (or for the next one 


oOo 0 


TRION THIS ~ © 
SIDE 


BOARD ON 
THIS SIDE 





Fig. 4.5. Heatsink (16 or 14s.w.g.) dril- 
ling details. Holes at “F’’ to match 
board and two holes “‘G” 4BA clear. 
Centre group to suit TO3 transistor 
outline. 


Fig. 4.6. Circuit board mounted on 
heatsink. 


LEADS FROM TRANSISTOR 
TO BOARD 





come to that) because there is a vast range 
of suitable cases available at a vast range of 
prices. Enough to say that the front panel 
shouldn’t measure less than about 229mm 
(9in) wide by 127mm (Sin) high, and you 
will need a depth of 102mm (4in) 
minimum. 


COMPONENTS 


25V UNIT 


S 
Resistors ee page 636 


100k 

1k 0.5W (2 off) 
47 (2 off) 

62k 

33 

100 

1 2.5W wirewound 
330 

1K 

15 

18K 1% ter 
510k1% __—ittext 


Potentiometers 
VR1 1k min. skeleton 
preset, vert. 
VR2 4k7 rotary carbon, lin. 
VR3 10k min. skeleton 
preset, vert. 


Capacitors 
C1 2200p axial elec. 63V 
C2 220 axial elec. 25V 
C3, C6, C7 22 axial elec. 25V 
C4 10n metal film 

C5 47 axial elec. 25V 

C8 10u tantalum 35V 


Semiconductors 
BY164 1.4A bridge 
rectifier 
W005 1.5A bridge 
rectifier 
OA91 (2 off) 
10V. 400mW Zener 
2N3055 npn silicon 
power 
BFY51 

TR3, TR4 BC182 (2 off) 


Miscellaneous 
2-pole 250V. 
1A toggle (or slide) 
$2 S.p.c.o. Miniature 
toggle 
220-250V neon 
indicator 
T1 Mains transformer, 
28V and 12V secs. 
(Trent type 00493) 
ME1 50uA moving coil 
meter 
Printed circuit board, available 
from EE PCB Service, code 
EE656; case to choice, front panel 
minimum of 229X127mm; 
16s.w.g. aluminium heatsinks 
corrugated TO heatsink; termi- 
nals, 4mm type 1 black, 1 red; 
500mA fuse; connecting wire, 


£30 


yVe)el ge) ames & 
Guidance only 
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NEON” 
INDICATOR 


<o] © 


SET OUTPUT 
VOLTAGE 





This panel size will allow room for the 
specified meter, the meter switch, the vol- 
tage adjust potentiometer, the mains 
switch and indicator neon and the output 
terminals. The mains lead can come in at 
the rear where the fuse can also be 


mounted. A suggested layout is shown in 


Fig. 4.7, with the lettering carried out in 
rub-down letters before the components 
are fitted. 

Inside the box, mount the mains trans- 
former and the heatsink and board panel. 
The wiring from the board to the external 
parts is fairly self-explanatory from the cir- 
cuit diagram: there are two pairs of leads 


Constructional Project 








Wi NOW turn to the second of this 
month’s offerings, a 0-30V regulated 
supply which will provide us with a 
maximum current of 1A. The complete cir- 
cuit diagram for the 0-30V Stabilized 
Power Supply is shown in Fig. 4.8. 


Fig. 4.8. Complete circuit diagram for 
the 30V 1A Stabilized Power Supply. 
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Fig. 4.7. Suggested front panel lay- 
out. 


from the XX, YY points to the mains trans- 
former T1 secondary windings (make sure 
you put them to the right windings) and 
three leads to the meter switch from points 
A, M and V. 

There are two leads, positive and nega- 
tive respectively, to the output terminals 
(note that capacitor C8 is soldered directly 
across these), and two leads from points 
P1, P2 to the voltage adjust potentiometer 
VR2. _ 

Just one point about this last component; 
the maximum output voltage corresponds 
to the control resistance being all in, i.e. 
connect P1 to the slider or wiper (w) termi- 
nal and P2 to the terminal representing the 
fully anticlockwise position of the slider as 
viewed from the front. If you do get it 
wrong, no harm will be done, the output 
will just decrease instead of increasing as 
you advance the control clockwise. 


TESTING 


Before switching on and testing the unit, 
carry out the following adjustments: set 
preset control VR3 fully anticlockwise i.e. 
all in circuit. Also preset VR1 to mid-posi- 
tion and the voltage adjust control VR2 
fully anticlockwise (minimum output). 

Put the meter switch S2 into the VOL- 
TAGE (V) position. Switch on and care- 
fully advance the voltage control on the 
front panel; if all is well, the voltmeter 
should read an increasing output. 

If this does not happen, it may be that the 
meter switch has been wired the wrong way 





VARIABLE STABILIZED 
POWER SUPPLY 

















In most respects this circuit is similar to 
the one we have already discussed, as a 
glance at Fig. 4.8 will show. A mains trans- 
former T1 with twin secondary windings 
provides a positive and a negative supply 
by way of the two bridge rectifiers and 





round, so switch over to the “amps” side as 
a quick check. If the meter now reads, 
reverse the switch wiring. 

As the maximum of 25V is approached, 
adjust the voltage control VR2 in conjunc- 
tion with preset VR3 so that, by the time 
the voltage control has reached its 
maximum position, the voltmeter just 
reads 25V f.s.d. (full scale deflection). Pre- 
set VR3 is simply in parallel with VR2 and 
adjusts the total resistance to give the out- 
put level we want. 

Now reduce the voltage control to its 
minimum setting and adjust preset VR1 so 
that the meter reads exactly zero. Return 
to maximum voltage and readjust VR3 if 
necessary to restore the output to 25V. 
This completes the voltage setting up. 

To check on the current side of things 
and to ensure that the current limiter is 
working, switch over to CURRENT (A) 
on the meter switch $2 and short circuit the 
output. The ammeter should read some- 
where about 700mA (0.7A). 

This checks the limiting and also the cur- 
rent metering. Remove the short circuit 
and if by now nothing has started to comp- 
lain, the power unit is ready for use. 

Keep in mind when using this power 
unit, that once the current limit is reached, 
the voltage output will stay put and cannot 
be further increased. For example, sup- 
pose you have a load rsistance of 300, then 
the greatest voltage you can get before 
0.7A is reached is 21V. The voltmeter will 
not, therefore, go past the 21V position. 





appropriate smoothing and there is the 
familiar series controller transistor TR1 
with its driver TR2. 

The error detector this time consists of a 
“long tailed pair’, transistors TRS and 
TR6 in a differential circuit. This gives an 
advantage over the previous supply in that 
stabilization against temperature changes 
is provided by this form of circuit. Only the 
difference between the two bases is 
amplified and temperature variations will 
tend to move both bases in the same direc- 
tion. 

The output from the collector of TR5 
goes to the error amplifier TR4 which in 
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+ OUTPUT 


VOLTAGE 
CONTROL 
VR3 


PANEL COMPONENTS 


— OUTPUT 


COMPONENTS 








30V UNIT 2 
Resistors See page 636 
R1 47k 
R2 1.5k O.5W 
R3 100 
R4,R9, 
R10 470 (3 off) 
R5 10 2.5W wirewound 
R6 300k 1% 
(2 off — see text) 
R7 220 
R8 560 
R11 2k2 
R12 10 


All 0.3W carbon film, 
except where stated 
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Potentiometers 
VR1 22k skeleton preset, horiz. 
VR2 100 skeleton preset, horiz. 
VR4 4k7 skeleton preset, horiz. 
VR3 10k rotary carbon, lin. 
Capacitors 
C1 2200p axial elec. 63V 
C2 10n metal film 
C3 10u tantalum 35V 
C4 100n metal film 
C5 220 axial elec. 25V 
C6 22 axial elec. 25V 
Semiconductors 
REC1 S005 2A bridge rectifier 
REC2 W005 1.5A bridge rectifier 
D1 10V 400mW Zener 
D2,D3 1N4148 signal diode (2 off) 
D4 5.1V 400mW Zener 
D5 1N4002 1A 100V rec. diode 
TR1 2N3055 npn silicon power 





TR2 


BFY51 npnsilicon 


TR3, TR4 BC182 npn silicon (2 off) 
TR5, TR6 BC107 npnsilicon (2 off) 


Miscellaneous 


S1 


S2 
T1 


ME1 


2-pole 250V. 

1A toggle (or slide) 
d.p.c.o. miniature toggle 
Mainstransformer, 

32V and 15V secs. 

(Trent type 00494) 

504A moving coil meter 


Printed circuit board, available from 
EE PCB Service, code EE657; case to 
choice, see text, 16s.w.g. aluminium 
heatsink; corrugated TO heatsink; ter- 
minals, 4mm type 1 black, 1 red; 
500mA fuse; connecting wire, solder 


etc. 


psVelelged ameorel-s i 
CTViteF:laler-melal ny, 


£32 
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turn drives the base of TR2. This, along 
with series controller TR1, forms a Dar- 
lington pair which controls the effective 
resistance of TR1 and so regulates the out- 
put against unwanted variations in the 
manner already described. 

The current limiter this time is TR3 
which senses the voltage developed across 
resistor R5, a part of which is tapped off by 
way of preset VR2. In this way the 
maximum output current can be set to 1A, 
or anything smaller if you so desire. The 
Output is smoothed by capacitor C3 and 
protected against reverse input transients 
by diode DS. 


CONSTRUCTION 

The 0-30V unit is built in exactly the 
same way as the previous project. All com- 
ponents except the mains transformer T1, 
the voltage adjust potentiometer VR3, the 
meter and the meter switch S2 are assem- 
bled on a printed circuit board. This board 
is also available ready-drilled from the EE 
PCB Service, code EE000. 

The component layout and full size cop- 
per foil master pattern is shown in Fig. 4.9 
and should, by now, need little explana- 
tion. All the important points to watch are 
identical with those mentioned earlier. The 
meter multiplier resistor R6 is made up 
from two 300k, 1 per cent resistors in 
series — if you are using the specified 
meter that is. 

Interwiring from the circuit board to off- 
board components can be carried out by 
referring to Fig. 4.9 and the photographs. 
Two pairs of leads from the points Z-Z and 
X-X go to the mains transformer secondary 
windings of 32V and 15V respectively. 

Four leads from points A, B, Cand Don 
the board go to the meter switch $2, which 
this time is a double-pole changeover mini- 
ature toggle (or you may use a slide type if 
you wish); two leads are taken to the vol- 
tage adjust potentiometer VR3, one of 


which is common to the output positive | 


lead; and the positive and negative outputs 
themselves. Use at least 16/0.2mm flexible 
wire for the transformer connections and 
the output leads. 
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Completed early prototype 
showing relettered panel meter. 








After completing the board and drilling 
the two fixing holes marked F, mark these 
through on to the heatsink, and drill these 
and the TO3 case fitting holes for TR1 in 
the same way as was described previously. 
Transistor TR1 should now be fitted to the 
heatsink, and the board screwed in place, 
using '/2in spacers; refer back to Fig. 4.6. 
Three coloured leads from points C, B and 
E should be soldered to TR1 pins. 

The assembly, together with the various 
other components can then be fitted into a 
suitable case and the panel layout can again 
follow that suggested in Fig. 4.7. The meter 
this time, of course, is calibrated 0-50V, 0- 
1A (see “Meter Scale” Section). 


TESTING 


Set preset VR1 and rotary control VR3 
fully anticlockwise (all in), presets VR2 
and VR4 to mid-position. Note that VR3, 
the front panel voltage control, is wired so 
that all the track resistance is in circuit with 
the wiper fully anticlockwise viewed from 
the front. 

Set the meter switch S2 to VOLTAGE 
and after switching on, advance the voltage 
control carefully. The voltage output 
should rise and when the control is fully 
clockwise, preset VR4 should be adjusted 
until the meter reads exactly 30V f.s.d. 

To calibrate the current reading, switch 
to CURRENT on the meter switch and 
connect a load resistor in series with an 
ammeter across the output terminals. 
Adjust VR1 until the panel meter reads 
identically to the external ammeter. 


(right) completed 
power supply showing 
interwiring and posi- 
tioning of compo- 
nents. 


(below) Layout of com- 
ponents on completed 
printed circuit board. 





Close-up showing mounting of heatsink/circuit 
board. . 


If you don’t have another ammeter as a 
checker, connect a known resistance (say 
10Q,, 3W) across the output terminals and 
advance the voltage control to provide, 
say, 5V output (as seen on the voltmeter). 
The current will now be 0.5A, so switch 
over to CURRENT and adjust VRI1 
accordingly. If you don’t fancy all this, just 
replace VR1 with an 18kQ, 1 per cent resis- 
tor (0.5W) and the current reading will be 
sufficiently accurate not to lose any sleep 
over. 


CURRENT LIMIT 


The current limit of 1A now has to be set. 
Turn the voltage control to minimum, 
Switch over to CURRENT, and put a 
short-circuit across the output. Advance 
the voltage control so that the meter goes 
over to f.s.d. or there-abouts, then adjust 
VR2 until the current is just below the 1A 
reading. 

What you aim for is a f.s.d. reading of 1A 


when the output is shorted — nothing 
more. If the meter cracks over, you haven’t 
adjusted VR2 properly. 


You can, if you wish, set the current limit 
to any value less than 1A; simply adjust 
VR2 to give you that limit when the output 
is short circuited. Like the previous design, 
the voltage will then not increase above the 
point at which the current has reached its 
limiting value. 


Next Month: A Variable Stabilized Power 
Supply, with four switched current limits 
up to 2A will be described. 
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THE SPECTRUM 
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Build this interface card and introduce your 
Spectrum to the excitement of Legoland 


HE objective of the project described 

: below was to provide an environ- 

ment for experimentation in simple 

robotics which would enable my three chil- 

dren (and myself) to extend the experience 

in the turtle graphics language LOGO 
which the children had begun in school. 

To meet this objective an interface was 
constructed to enable our Spectrum com- 
puter to control robots constructed from 
‘Technical Lego. The interface is a simple 8 
bit latch/buffer configuration which drives 
up to eight relays and can receive inputs 
from up to eight mechanical switches. As 
the equipment is intended for unsupervised 
use by youngsters the mechanical and elec- 
trical robustness formed a key element of 
the overall design. 

The construction of viable robots from 
Technical Lego requires an elementary 
appreciation of the principles of gears and 
levers. This is dealt with briefly later in the 
article. Several simple LOGO procedures 
are described which enable LOGO to 
switch the Lego motors via the relays and 
read the states of the switches which can be 
configured, for example, as collision indi- 
cators. 

Though configured for a Spectrum and 
the LOGO language the interface 
described below could easily be adapted 
for any home computer. All that is 
required is appropriate address decoding. 
In addition to LOGO this article also 
includes some simple BASIC routines 
which are useful for quick tests on the inter- 
face. 





MOTIVATION— THE LOGO 
LANGUAGE 


In many schools the first and sometimes 
only computer language that students use is 
the turtle graphics language LOGO. The 
LOGO language, at its most elementary 
level, allows the student to ‘“‘drive”’ a turtle 
around the screen. The commands are 
simple and are entered in a direct mode. 

For example: 

> FD 10 LT 90 

This will cause the turtle to move for- 
ward ten units and turn left (anti- 
clockwise) through a right angle. (“‘>”’ is 
the prompt.) 

> REPEAT 4[ FD 10 LT 90 ] 

This will draw a square of side ten units. 
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In addition new instructions can be 
defined. 

> TO SQ :xX 

> REPEAT 4[ FD :X LT 90 ] 

> END 

This defines a new procedure which 
draws a square of side “‘X”’ units. You enter 
> SQ 20 to draw a twenty unit square. 

The language is totally procedural. (No 
line numbers/no GOTO’s.) In most school 
configurations the instructions may also be 
given to a floor turtle in which a retractable 
pen is mounted so that the output can be 
drawn on large sheets of paper. 

The advocates of LOGO claim that it 
teaches good structured programming 
from the outset but more importantly, in a 
teaching environment, it provides concrete 
experience rather than abstract mathemati- 
cal ideas. By working in small groups stu- 
dents learn to communicate with each 
Other using the language of mathematics 
rather than mathematics being an isolated 
activity. 

If LOGO achieves half these broad 
objectives it will be well worth the effort 
involved. To continue this worthwhile 
activity within the home we bought the 
LOGO language as soon as it was released 
for the Spectrum. Even though the school 
uses BBC and Commodore computers 
most releases of LOGO are very similar. 
Any variations are in general extensions to 
the common core of functions. 

Initially we used LOGO in a screen 
turtle mode. Clearly the next move had to 
be the extension to the outside world. 
After some thought it was decided to con- 
struct a simple latch/buffer interface driv- 
ing relays and reading switches which could 
control robots constructed from Technical 
Lego of which a large supply was readily 
available. By this means it is hoped to 
extend the boundaries of LOGO in a man- 
ner consistent with the basic principles of 
learning by involvement and experimenta- 
tion. 

Initially it is envisaged that the students 
involvement will be at a software level as 
with the standard system though the turtle 
may have changed its shape and tasks 
capabilities significantly (e.g. a wandering 
robot with a gripper) however the use of 
Lego and the configuration of the interface 
permits the students’ involvement to easily 
extend into the electro-mechanical aspects 
of the robot construction and motor wiring. 





Part I 


THE INTERFACE — 
OVERALL DESIGN 


The system block diagram is shown in 
Fig. 1. The computer control and address 
buses are input to address decoding logic. 
The decoding logic produces two enable 
signals which control a latch and a tri-state 
buffer. The latch and buffer are connected 
to the computer data bus. 

The outputs of the latch and the inputs to 
the buffer are electrically isolated from the 
remaining circuitry using optical isolators. 
This prevents any subsequent mis-wiring of 
the robot motors and collision detection 
switches from damaging the computer. The 
latch/optical isolator is followed by a relay 
driver and eight relays which control the 
supply of power to the Lego motors. Since 
the inputs to the buffer originate from 
mechanical switches they are first passed 
through a de-bounce circuit. 


Fig. 1. System block diagram. 
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PHYSICAL 
CONFIGURATION 


The elements described above are physi- 
cally split between two units. The address 
decoder, latch, buffer, optical isolators and 
relay drivers are mounted on an interface 
card which is connected to the Spectrum 
edge connector. The remaining compo- 
nents, including a 5V power supply, are 
located in an interface box which is con- 
nected by ribbon cable to two ten-way con- 
nectors on the interface card. The Lego 
robot connects to the interface box using 
ribbon cable and an array of 1mm sockets. 

My Spectrum configuration is somewhat 


novel. It was motivated primarily by the 


| InterFace caro 


iE 
AY 
a4 
AY 
AY 
Aw 
AY 
aw 


BACKPLANE 


KEYBOARD 


SPECTRUM 


computer interfacing I thoroughly recom- 
mend R. A. Penfold’s Micro Interfacing 
Circuits Book 1 published by Bernard 
Babani Ltd. (Available from the EE Direct 
Book Service order code BP130.) 


Address Decoding 

The concept used for address decoding is 
a variation on one described in the R. A. 
Penfold publication referred to above. IC1 
(an 74LS30) is an 8-input NAND gate 
which provides a negative signal when all 
inputs are high. This is used to provide a 
negative chip select output for the follow- 
ing bit pattern on the Spectrum address 
bus: 

AO Al A2 A3 A4 AS A6 A7 CS 

: eee ft. 1 xX XI 0 X=1or0 





© _ 8 


Fig. 2 Syaers setup The Soastlors is housed: ina wooden cabinet together 


with the Interface Card. 


requirement to separate lively children 
from vulnerable p.c.b.s. The configuration 
is shown in Fig. 2. The Spectrum is located 
in a wooden cabinet (white chipboard con- 
struction). A backplane, which is adapted 
from an Amstrad Motherboard, is con- 
nected horizontally via a standard 2x28 
way connector to the Spectrum edge con- 
nector. This motherboard provides loca- 
tions for up to six DIN41612 (232) con- 
nectors to which various interface cards are 
attached. 

At present three locations are used. One 
card controls a remote keyboard and joy- 
stick, and another contains an escape inter- 
face (from the On Spec series) which pro- 
vides for recovery from machine code 
crashes (useful when developing the robot 
interface software) and the third is the 
interface card for the Lego robot. A twenty 
way ribbon cable then connects the robot 
interface card to the interface box. 

A colour TV is mounted on top of the 
wooden cabinet. The cabinet top is 
attached with quick release catches to per- 
mit easy access to the motherboard. This 
configuration provides complete protec- 
tion for the motherboard and interface 
card which are probably the items most at 
risk. 

Interface cards don’t bend and CMOS 
chips don’t appreciate a friendly poke! In 
addition all mains supply is well away from 
inquisitive fingers. The overall appearance 
is much like an “up market ” PC. Also, as 
all of the usual jungle of wires are well hid- 
den it meets with domestic approval. 


CIRCUIT DESCRIPTION 


A detailed circuit diagram is shown in 
Fig. 3. There is little that is particularly 
original. It is mostly an assembly of basic 
building blocks taken from EE articles 
together with bits and pieces from R. A. 
Penfold publications. For newcomers to 
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This means that IC1 output will be low 
whenever any of the decimal addresses 
159, 191, 223 and 256 are present on the 


address bus. (These correspond to 9F, BF, 


DF, FF respectively in hexadecimal). This 
represents the top half of the address map 


available for Spectrum add-on due to the 
requirement to keep AO to A4 high. 

IC2 and IC3 (74LS138’s) are three to 
eight line decoders. However by using the 
enable inputs (pins 4, 5 require a negative 
enable and 6a positive enable) the chip can 
be used to decode six inputs. Two such 
decoders are used to decode five inputs 
(Pin 6—E3 is kept high by a connection to 
the 5 volt line). One chip provides a nega- 
tive enable pulse when the Spectrum 
wishes to read data from the buffer and the 
other provides a negative enable pulse 
when output data is to be sent to the latch. 
This is achieved by the following connec- 
tions to the decoder. 

Pin ro 2s. -& 6S 

Name AO Al A2 El E2 

Connection CS A5 A6 XX IORQ 
Pin 1: CS is the chip select line from IC1 
Pins AS5 and Aéare the remanining two 
2 & 3: bits of the address bus. 

Pin 4: XX is either the Spectrum Read line 
or Write line. Both lines produce 
low pulses when they wish to per- 
form their respective functions. 
IORQ is the Spectrum Input/ 
Output request line which is low 
when the Spectrum wishes to read 
an external device. 

When the Spectrum wishes to either read 
or write to an external device with one of 
the four decimal addresses 159, 191, 223, 
256 the state of the respective decoders 
output lines are determined from the state 
of the input lines as follows 


Input A6 A5 Cs 


Pin 5: 


Pin3 2 1 #415 14 13 12 11:10 9 7 
NameA2 Al AQ YO Yi Y2 Y3 Y4 Y5 Y6 Y7 
Address 
159 0 0 0 0111 %1éi1éii1éi4i 
191 0 1 O 110 22 241 
223 0 1 0 11%1%10i41i4di1éi4i 
256 1 1 O 1141414141041 


Fig. 3. Full circuit diagram for the complete system. 
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The output which becomes 
low is in fact the decimal 
value of the three bit binary 
word (A2+A1+A0). For 
example A2=1, Ai=1, 
A0=0 give (4+2+0)=6, 
hence Y6 (Pin 9) goes low. 

For this project only one 
output line from each 
decoder is required. How- 
ever, this configuration pro- 
vides effective decoding of all 
read/write requests in the 
upper half of the input/output 
map. In my own configura- 
tion the remaining signals are 
routed via the edge connector 
to the spare lines on the 
motherboard. This will make 
further address decoding for 
subsequent projects trivial. 


Latch/Buffer 

ICS (74LS244) is a tri-state 
buffer. The chip has two inde- 
pendent sections. However 
for this application this fea- 
ture is ignored and the enable 
low signal is connected to 
both pins 1 and 19. When the 
enble signal from the decoder output is low 
the eight inputs are connected through to 
the Spectrum data bus. 

IC6 (74LS373) is Octal D-type Latch. 
This device requires a positive enable pulse 
at pin 11 to latch the data bus signals into 
the output ports. This was obtained by 
using one element of IC4 (74LS00—four 2- 
input NANDS). For clarity, Fig. 3 shows 
only the connections to one element of the 
data bus—DO. Connections to D1-D7 fol- 
low logically to the remaining pins of each 
device. 





Optical Isolators 

The outputs of the latch (IC6) and the 
inputs to the buffer (ICS) are electrically 
isolated from the subsequent circuitry by 
optical isolators. These ensure that no 
damage can be done to Spectrum by any 
incorrect wiring at the interface box soc- 
kets. The device used contains four 
isolators in a 16 pin d.i.l. package. 


Relay Driver and Relays 

The optically isolated latch outputs from 
IC9 and IC10 are connected to a relay 
driver IC11 (ULN2803A). This device pro- 
vides eight outputs which can each supply 
up to 500mA at up to SOV. The device 


includes internal diodes to prevent the 


back e.m.f. of inductive loads damaging 
any preceding circuitry. This specification 
makes this device particularly suitable as a 
relay driver for this application. 

Some relays can be somewhat bulky. To 
avoid this problem use was made of ultra- 
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Fig. 5. Circuit diagram for the interface box. 


minature p.c.b. mounting relays. The 
device used is 6V s.p.d.t. as shown in Fig. 
3. The operating voltage range is 4.5V to 
7.8V. Clearly these relays provide a further 
level of electrical isolation. 

The eight relay outputs connect to a mat- 
rix of 3X8 1mm sockets mounted on the top 
of the interface box. 


De-bounce circuits 

Mechanical switches do not always make 
and break “‘cleanly’’. They can suffer ‘‘con- 
tact bounce” which produces a series of 


fig. 4. Suggested 
circuit diagram for 
the two power sup- 
ply units (P.S.U.’s). 


noise spikes which can cause problems in 
digital systems. The problems will depend 
on how quickly the inputs are read and how 
these signals are interpreted by the 
software. 

To avoid any possible problems a de- 
bounce circuit was included in the input 
lines. The resistor/capacitor network (R33/ 
Cl etc) smooths the input signal which 
results from closing a switch between SK25 
and SK33. The smoothing eliminates some 
of the noise. Further protection is provided 
by the hysteresis of IC12 (74LS14) which is 
a Schmitt trigger. (There are six Schmitt 
triggers in each 74LS14 so two devices are 
required for the eight inputs). 


5V POWER SUPPLY 


Two separate power supply units 
(p.s.u.s) are required. 

One p.s.u. (PSU1) powers IC1 to IC6 
and the left hand sections (see Fig. 3) of 
IC7 to IC10. This can be derived either 


directly from the computer SV rail availa- 
ble at the edge connector. Alternatively if 
this supply is becoming stretched an 
auxiliary 5V stabilised source is recom- 
mended. 

The other p.s.u. (PSU2) must power the 
right hand sections of IC7 to IC10, IC11 to 
IC13, the coils of the eight relays and all the 
Lego motors (four or five perhaps). The 
i.c.’s need a stabilised 5V, the relay coil will 
operate from 5V and, although the Lego 
motors usually use 3X1.5V (4.5V), they 
work without any problems at 5V. Hence a 
stabilised 5V supply meets all the require- 
ments. 

The elements of PSU 2 are shown in Fig. 
4. This is a common basic design though 
any design for a5V 1A p.s.u. would be suit- 
able. If an auxiliary supply is also required 
for PSU 1 an identical design could be 
used. It is suggested that these supplies are 
built to the design shown last month in the 
Stabilized Power Supplies series—see page 
584 Sept. 89 EE. A 12V 1A mains trans- 
former can be used for each 5V supply. The 
p.c.b. is available from the EE PCB Ser- 
vice. 


CONNECTIONS 


The array of 1mm sockets on the surface 
of the interface box (SK1 to SK50) is shown 
in Fig. 5. SK1 to SK24 are the connections 
to the relays. They are arranged in a 3x8 
array. The least significant bit on the data 
bus switches RLA. When RLA is switched 
the connection of SK9 toggles between 
SK1 and SK17. 

The inputs are connected to SK25 to 
SK40. Joining SK25 to SK33 together by a 
switch such as a collision detector will cause 
SV (a “‘1”’) to appear on the least significant 
bit of the data bus. 

SK41 to SK5O provide power for the 
Lego motors. By routing the 5V supply to 
the motors via the relays the signals on the 
data bus may be used to control the action 
of the motors. Some ideas for motor/relay 
wiring are given later. 

A panic button (S1) which switches off 
power to the motors is included. This is 
particularly useful when the software 
crashes since without such a switch it can 
leave a robot heading for the top of the 
stairs with no quick way of stopping it. 
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COMPONENTS 


Interface Card and 


interface Box 
Resistors 
RitoR8 100(8off) 
R9toR24 1k(16 off) 
R25 to R32 100 (8 off) 
R33 to R40 1k (8 off) 


Potentiometers 
VR1,VR2 102Wcermettype 
mounted adjacent 
to Lego motors 
(2 off 


Capacitors 
CitoC8 2.42 elect. 63V (8 off) 


Semiconductors 

IC1 74LS30 eight input 
NAND gate > 

IC2,IC3. 74LS1383to8line 
decoders (2 off) 

IC4 74LS00 quad 2-input 
NAND gate 

IC5 74LS244 octal buffer 

IC6 74LS373 octal D-type 
latch 

IC7 to 1C10 quad opto-isolator 
(4 off) 

1C11 ULN2803A octal 
Darlington driver 
array 

IC12,1C13 74LS14 Hex Schmitt 
trigger inverter 
(2 off) 


Relays 
RLA to RLH6V ultra-miniature 
relay (Maplin 
FM91Y or similar) 


Sockets 
SK1toSK8 1mm black (8 off) 
SK9toSK16 1mm red (8 off) 
SK17 to SK24 1mm black (8 off) 
SK25to SK45 1mm black (21 off) 
SK46 to SK50 1mm red (5 off) 
Plus 10 black and red 1mm plugs 

(you may need more eventually). 


Miscellaneous 

Suitable case; S1 s.p.s.t. toggle 
switch; ribbon cable (20 way); 2x 10 
way p.c.b. ribbon cable connectors; 
p.c.b. available from the EE PCB 
Service, order code EE660; 2x28 
way Spectrum edge connector; i.c. 
sockets; connecting wire, etc. 


Ve) el ged Mek | £6 O 
Guidance only 


INTERFACE CARD 
CONSTRUCTION 


As indicated earlier the project is split 
into two separate sections. The interface 
card was constructed as a home made 
p.c.b. and carries IC1 to IC11 as indicated 
in Fig. 6. The board is available from the 
EE PCB Service, Order Code EEXXX. 

Address decoding could have been 
achieved using CMOS chips. However, 
since for test purposes the board required 
repeated handling after insertion of the 
address decoding logic this option was 
rejected. 

When constructing a project of this com- 
plexity much time and frustration can be 
saved by a policy of progressive testing dur- 
ing construction. I firmly believe that pro- 
vision for testing should form part of the 
basic circuit design. 

Construction proceeded as follows: test 
all p.c.b. tracks for continuity. Then insert 
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interface Card PCB notes 


1) The p.c.b. layout connects power to all chips. 

2) The data bus is re-arranged (by wire links) into numeric order prior to connec- 
tion to IC5 and IC6. 

3) Wire links. 

The board contains many cross track wire links on the component side of the 
p.c.b. Some of these are shown on the diagram. However, to prevent confusion 
a wiring plan for the 2x28 way Spectrum edge connector and the latch and buf- 
fer chips (IC5 and IC6) is given in tabular form below. 


Edge 

Connector to IC PinandIC Pin Comments 

Name Pin 

DO 6A 5 3 6 3 IC5=LS244—Input Buffer 

D1 7A 5 5 6 4 IC6=LS373—Output Latch 

D2 8A 5 7 6 7 

D3 111A 5 9 6 8 Connections are made via the 

D4 12A 5 12 6 13 “‘unscrambled” data bus pads. 

D5 10A 5 14 6 14 

D6 9A 5 16 6 17 

D7 3A 5 18 6 18 

AO 9B 1 1 IC1=LS30 —NAND gate 

Al 10B. 1 F IC2=LS138— Decoder 

A2 lib 1 3 IC3=LS138—Decoder 

A3 12B 1 4 

A4 24B 1 5 

A5 23B 2 2 3 2 Connections are made first 

A6 22B 2 3 3 3 tolC3thentolC2 

A7 21Bs1 6 

IORQ 117A (5 2) 5 3. ConnectiontoIC2 is viaap.c.b. track 
RD 18A 4 3 Be certain to get these two 

WR 19A 4 2 the right way round. 

OV 6/7B Provision is made on the p.c.b. for the 
5V 3B power to be provided from either the 


Spectrum or an auxiliary p.s.u. by 
connection to p.c.b. pins. Do not mix up 
these connections—this is an expensive 
area for errors. 

4( Inputs to and outputs from IC5 (Buffer) and IC6 (Latch). 

The data bus connections to IC5 and IC6 are given above. The path through 
these chips is indicated below. The pins given in brackets are the pins to which 
the edge connector is connected as defined in section 3 above. 


ICS — Buffer IC6 -— Latch 
Pin Pin 
DO ( 3) — 17 (3) - 2 
D1 ( 5) — 15 (4) - 5 
D2 ( 7) — 13 (7) - 6 
D3 ( 9) — 11 (8) - 9 


D4 (12) -— 8 (13) — 12 
D5 (14) — 6 (14) — 15 
D6 (16) — 4 (17) — 16 
D7 4a).>- 2 (18) — 19 


Wire link connections to the optical isolators and relay drivers follow logically 
and are visually obvious. 
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APPENDIX 
A PULSE DETECTOR 


When testing circuits which produce 
single very short positive or negative pulses 
a simple pulse detector is an invaluable 
tool. (I’m surprised they are not included in 
the standard multimeter.) A_ suitable 
design is shown in Fig. A1. Essentially it is 
a flip-flop which is reset by S2. This brings 
the l.e.d. on. SK1 and SK2 are connected 
to the power rails of the circuit under test. 

To detect a low pulse connect S1 to SK3 
and connect SK3 to the chip output which is 
expected to produce a low pulse. When the 
low pulse occurs the |.e.d. will go off. To 
detect a high pulse S1 is connected to the 
pin 8 of IC1d and SK2 is connected to chip 
output which is expected to produce a high 
pulse. (IC1d just inverts the high pulse.) 

This unit can either be built on some 
scrap Veroboard or housed in a small box 


all i.c. sockets, edge connectors and cross 
track wiring. Test continuity throughout. 
This is your last chance to find those simple 
dry joints or broken wires before they 
cause a frustrating array of peculiar faults 
(I write from bitter experience!). 

Check and insert all resistors. Check 
again. Check capacitors, this can be 
crudely done by charging them up with a 
battery and then testing with a voltmeter. 
Then insert the capacitors. 

_ Insert the decoding chips IC1, IC2, IC3, 
and IC4. To test the decoding logic it is 
necessary to first connect the interface card 
to the Spectrum. Ensure the Spectrum is 
switched off first. If this precaution is 
ignored it is possible by a half space mis- 
alignment to effectively connect all the 
expansion socket connections together! 
This can virtually destroy the Spectrum. 

When the BASIC instruction OUT 
159,255 is executed pin 15 of IC2 should go 
briefly to OV. We now meet the first prob- 
lem. The length of the low enable pulse is 
too short to detect with a voltmeter. If an 


Fig. A1. Circuit diagram for a 
Simple Pulse Detector. 


with smart terminals and probes. If the lat- 
ter solution is adopted the cost will be 
about four pounds. 





oscilloscope is available then it could be 
used. Alternatively, if you cannot spare the 
money for an oscilloscope I recommend my 
‘“‘poor mans’ oscilloscope’”’ shown in the 
Appendix. This is a pulse detector which 
can be built at very little cost using some 
Veroboard and an 74LS00. See the Appen- 
dix for details. This instrument will indicate 
a low or high pulse by the switching off of 
an l.e.d. This device can also be used to test 
for a low enable pulse at pin 15 of IC3 
which should occur when the instruction 
LET X= IN 159 is executed. Once this test 
is complete disconnect the interface card 
from the Spectrum. 

Insert Optical Isolators IC7 to IC10 and 
test. This requires two power supplies for 
testing purposes (4.5V batteries will do). 
When power is applied to the end of resis- 
tor Rl check that the correct voltage 
appears at pin 16 of IC9. Similar checks can 
be conducted on all isolators. Insert IC11. 
Repeat the above tests through to the out- 
put of IC11. Insert the latch and buffer ICS 
and IC6. Re-connect to the Spectrum. Test 


INTRODUCING DIGITAL ELECTRONICS 


Answers to Part 12 
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3. Combinational logic devices lack 
memory, they are the primitive 
logic elements which, by the 
application of feedback, can be 
configured to form sequential 
logic functions. 

Input data at the D input is trans- 
ferred to the Q output after 
receipt of a pulse at the CLK input. 


For both the CMOS 4013 and TTL 
7474 flip-flop devices the bit on D 
is transferred to Q on the positive 
going edge (the low to high trans- 
ition) of the clock pulse. 

This is a sequential circuit 
because it contains memory and 
operates by automatically 
sequencing through a number of 
states. 

The arrangements in sets 1, 2, 3 
and 4 form the basic gates NOT, 
AND, OR and EXOR respectively. 
NAND, NOR and EXNOR may be 
derived by connecting an inverter 
(e.g. a set 1 arrangement) to the 
outputs of sets 2, 3 and 4 respec- 
tively. 


Note. 

The City and Guilds objectives in Sec- 
tion 9 of the logbook, those relating to 
health and safety, must be completed 
in addition to the work done in this 
series at your local Assessment 
Centre. 





COMPONENTS 


PULSE DETECTOR 


Resistor 
R1 220 


Semiconductors 
IC1 74LS00 quad 2-Input 
NAND 


LED1 


light emitting diode 
(red) 


Miscellaneous 
S S.p.sS.t. toggle switch 
$2 push to make switch 
SK1toSK4 4mm sockets (4 off) 
Suitable case and probes (if 

required); small piece of Ver- 

Oboard; i.c. socket; connecting 


wire, etc. 


ys Vole] me} Mamet elt 
Guidance only 


the latch IC6 as follows: 

10 INPUT NN 

20 OUT 159,NN 

30 GOTO 10 

Try NN=1,2,4,8,16,32,64,128 in turn 
and check that the appropriate voltages 
appear at the outputs of IC’s 6, 9, and 11. 
For this test the Spectrum will power half 
the board. PSU 2 can now be used to power 
the other half. Be careful of the mains wires 
if they are still exposed. To test the tri-state 
buffer enter the programme, 

10 PRINT IN 159 

20 GOTO 10 

Apply 5V to the input ends of R25 to R32 
in turn and check that the PRINT on the 
screen reads 1,2,4,8,16,32,64,128 in turn. 

Stage by stage testing is tedious. How- 


_ ever, by following something like the sys- 


tem indicated above it is possible to con- 


‘struct a reasonably complex circuit with a 


good degree of confidence in the final pro- 
duct. It can save much time at a later date. 
Next Month: Interface box, final assem- 
bly and software routines. 


PLEASE 
TAKE NOTE 


Part Eleven (August 1989) 


Page 523. In the “Appendix N” 
panel the i.c. pinout informa- 
tion for the 7400 device is 
shown incorrectly. 

The two NAND gates at pins 
8-10 and 11-13 have been trans- 
posed. The correct outline is 
shown below: 


4B 4A 





LY 2Y 2B 


QUAD 2 INPUT NAND GATES 
TTL 7400 (CMOS 4011) 
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VARIABLE VOLTAGE TRANSFORMERS WIDE RANGE OF XENON FLASHTUBES 


Write/Phone your enquires 





Need an extra pair of hands? 


It’s often the case that conventional methods just won't 
do. Fortunately there is now an alternative with the 


MULTI-PURPOSE JIG 


| INPUT 220/240V AC 50/60 OUTPUT 0-260V 
200W 0.1 amp max £24.00 p&p £3.00 (£31.05 inc VAT) 
0.5KVA 2.5 amp max £26.50 £3.75 (£34.79 inc VAT) 
1KVA Sampmax £34.00 £4.25 (£43.99 inc VAT) 
2KVA10ampmax £49.00 £5.50 (£62.68 inc VAT) 
3KVA15ampmax £65.00 £6.25 (£81.94 inc VAT) 
5KVA 25 amp max £115.00 
Carriage on request 
















WASHING MACHINE WATER PUMP 
Brand new 240V AC fan cooled can be used for a variety 
of purposes. Inlets 112 ins. Outlet 1 inch. Price including 
p&p and VAT — £10.95 or 2 for £20 including p&p and 
VAT. 





















° . . pe SPECIAL OFFER AC CAPACITORS 
It will hold a circuit board steady for assembly and wiring— pir sprees Oe 
It can hold things while glue sets— VOLTAGE CHANGING 2 MFD440V£2.50 5.4 MFD 280V £2.00 
TRANSFORMER 4.1 MFD 440V £3.50 ' 5 MFD 660V £3.00 















1250 Watt auto. Tapped 0-90V, 100, 110, 115, 
120, twice to obtain voltages between 90 
and 240V. Fitted in heavy duty louvered 
metal case. Fused input. Price incl VAT & 
p&p £39.50. 


COMPREHENSIVE RANGE OF TRANSFORMERS-LT- 
ISOLATION & AUTO (110-240V Auto transfer either 
cased with American socket and mains lead or open 
frame type. Available for immediate delivery. 
ULTRA VIOLET BLACK LIGHT FLUORESCENT TUBES 
4ft 40 watt £10.44 (£12.00 inc VAT) Caller only 
2ft 20 watt £7.44 + £1.25 p&p (£9.99 inc VAT) 
13in 10 watt £5.80 + 75p p&p (£7.53 inc VAT) 
12in 8 watt £4.80 + 75p p&p (£6.38 inc VAT) 
9in 6 watt £3.60 + 50p p&p (£5.12 inc VAT) 
6in 4 watt £3.60 + 50p p&p (£5.12 inc VAT) 
230V AC BALLAST KIT for either 6in, 9in or 
12in tubes £5.50 + 55p p&p (£6.96 inc VAT) 
For 13in tubes £6.00 + 75p p&p 4 
(£7.75 inc VAT) 


400 WATT UV LAMP 
Only £28.00 + £2.50 p&p (£35.08 inc VAT) 
175 WATT SELF BALLASTED BLACK LIGHT @& 
MERCURY BULBS Available with BC or ES 
fitting. Price incl VAT & p&p £19.84. 


It can hold models for painting and repair— 

All its interchangeable heads rotate through 360 degrees so 
you can position your workpiece to best advantage—no need 
to take it out to turn it over either—just rotate it to where you 
want it. 

Precision spring loaded head for holding pressures of up to 
5.5\bs. 






p+p 50p per unit plus VAT to be added to total. 



















TORIN CENTRIFUGAL BLOWER 
230V ac 2,800 RPM 0.9amp 130mm diameter impellor 
outlet 63 x 37mm overall size 195 x 160 x 150mm long. 
Price £17.50 + £2.50 p&p (£23 inc. VAT) 
















SHADED POLE GEAR MOTORS 
In the following sizes: 

9 RPM 12 RPM 80 RPM 160 RPM 110V AC or 240V AC 
with capacitors (supplied). Price incl VAT & p&p £12.65 


GEARED MOTORS 

71 RPM 20lb inch torque reversable 115V AC input 
including capacitor and transformer for 240V AC 
operation. Price incl VAT & p&p £23.00. 


12 V DC COOLER EXTRACTOR FAN 
New brushless motor 92mm sq. Price incl VAT & p&p 
£11.50. 
























































SOLID STATE EHT UNIT 
Input 230/240V AC, Output approx 15KV. Producing 
10mm spark. Built-in 10 sec timer. Easily modified 
for 20 sec, 30 sec to continuous. Designed for boiler 
























"ae tha ak ae ane ignition. Dozens of uses in the field of physics and 
12 VOLT BILGE PUMPS electronics. eg supplying neon or argon tubes etc. 
Buy direct from the importers Price less case £8.50 + £1.00 p&p (£10.93 inc VAT) NMS 
500 GPH 15ft head 3 amp — — 
£16.00 inc. ‘COOLING FANS-BRAND NEW! 

? ~ 1750 GPH 15ft head 9 amp 200/400V AC American Boxer ‘Peewee’ 7-bladed high 

£19.25 + £2.00 p&p (£25.00 inc VAT) _ : efficiency cooling unit 80mm sq zx 40mm deeps 40cm 

‘EPROM ERASURE KIT RR approx. Price incl VAT & p&p £10.35. 
















Build your own EPROM ERASURE for a fraction of 
the price of a made-up unit kit of parts less case 
includes 12in 8 watt 2537 Angst Tube Ballast unit 
pair of bi-pin leads neon indicator on/off switch 
safety microswitch and circuit £14.00 + £2.00 p&p 
(£18.40 inc VAT) 

| RUSS ae RR REE TEE eae eT EO oe ha Te 
SUPER HY-LIGHT STROBE KIT 

Designed for Disco, Theatrical users etc. 

Approx 16 joules. Adjustable speed £48.00 + £2.00 p&p 
(£57.50 inc. VAT) 
Case and reflector £22.00 + £2.00 p&p (£27.60 inc VAT) 
SAE for further details including Hy-Light and 
industrial Strobe Kits. 


Parking Space SERVICE TRADING CO 


EX-EQUIPMENT FANS 120mm sq x 38mm deep in 
either 115V or 230V AC Tested and guaranteed. Price 
incl VAT & p&p £7.76. 

Large selection of various speed greased motors from 
stock. Phone or write for details. 


Each jig is hand built for a lifetime of use. 
Supplied with circuit board assembly head, 12.5mm rubber 


faced heads and static discharge lead. 
Other heads and accessories available. 


Standard jig takes items up to 310x 145mm £19.50 

Mini jig takes items up to 148 x 85mm £16.50 
inc. VAT and carriage 

Local authority, school and college orders welcome 

























From stock at prices that defy competition 
C/F Blowers Program Timers 
Microswitches Synch Motors 

write/phone your enquiries 

NMS = NEW MANUF SURPLUS ~ 

R&T = RECONDITIONED AND TESTED 


















EVERETT WORKSHOP ACCESSORIES . 57 BRIDGMAN ROAD, CHISWICK, LONDON W4 5BB EN 
5 Railway Terrace, Henllan, Llandyssul, Monday/Fridey ACCOUNT CUSTOMERS MIN, ORDER £10 





Dyfed SA44 5TH Tel: 0559 371226 


JOIN UP WITH LITESOLD 


Professional Soldering Equipment at Special Mail-Order Prices. 


SK18 Soldering Kit. £18.34 
Build or repair any electronic project. 
LC18 240v 18w iron with 3.2, 2.4, 
and 1.6mm bits. Pack of 18 swg 
flux-cored 60/40 solder. Tweezers. 

3 soldering aids. Reel of De-Solder 
braid. In PVC presentation wallet. 


ADAMIN Miniature Iron £8.58 nylon handle with finger grip. 
SS Interchangeable bits available 1.2, 
j 1.6, 2.4, 3.4 and 4.7mm. Fitted with 
Possibly smallest mains iron in the 2.4mm. 240v 12w (12v available). 
world. Ideal for fine work. Slim Presentation wallet. 


Carbon Film resistors /W 5% E24 series 0.51R to 10MO 
100 off per value—75p, even hundreds per value totalling 1000 
Metal Film resistors YaW 10R to 1MO 5% E12 series—2p, 1% E24 series 
Mixed metal/carbon film resistors 2W E24 series 1RO to 10MO 
1 watt mixed metal/Carbon Film 5% E12 series 4R7 to 10 Megohms 
Linear Carbon pre-sets 100mW and YW 100R to 4M7 E6 series 
Miniature polyester capacitors 250V working for vertical mounting 
015, .022, .033, .047, .068-4p. 0.1-5p. 0.12, 0.15, 0.22-6p. 0.47-8p. 0.68-8p. 1.0-12p 
Mylar (polyester) capacitors 100V working E12 series vertical mounting 
1000p to 8200p - 3p. .01 to .068 - 4p. 0.1 - 5p. 0.12, 0.15, 0.22-6p. 0.47/50V-8p 
Submin ceramic plate capacitors 100V wkg vertical mountings. E12 series 
2% 1.8pf to 47pf - 3p. 2% 56 pf to 330pf - 4p. 10% 390p - 4700p 
Disc/plate ceramics 50V E12 series 1PO to 1000P, E6 Series 1500P to 47000P 
Polystyrene capacitors 63V working E12 series long axial wires 
10pf to 820pf - 3p. 1000 pf to 10,000pf - 4p. 12,000 pf 
741 Op Amp - 20p. 555 Timer 
cmos 4001 - 20p. 4011 - 22p. 4017 
ALUMINIUM ELECTROLYTICS (Mfds/Volts 
1/50, 2.2/50, 4.7/50, 10/25, 10/50 
22/16, 22/25, 22/50, 47/16, 47/25, 47/50 
100/16, 100/25 7p; 100/50 12p; 100/100 
220/16 8p; 220/25, 220/50 10p; 470/16, 470/25 
1000/25 25p; 1000/35, 2200/25 35p; 4700/25 
Submin, tantalum bead electrolytics (Mfds/Volts) 
0.1/35, 0.22/35, 0.47/35, 1.0/35, 3.3/16, 4.7/16 
2.2/35, 4.7/25, 4.7/35, 6.8/16 15p; 10/16, 22/6 


‘E Series Lightweight Irons. 12w a 

High efficiency irons for all _ ——— ‘ presse? 
electronic hobby work. Non-roll an 

handles with finger guards. = 18w £8.64 
Stainless! steel element shafts. Screw- model, 12w, 2.4mm bit. LC 18 Model, 
connected elements. Slip-on bits 18w, 3.2mm bit. 240v Std - 12v 
available from 1.6 to 4.7mm. LA12 available. Presentation wallet. 


Soldering Iron yo N Designed specially for LITESOLD irons. 
Stands 3&4 CO aa) Heavy, solid-plastic base with non-slip pads. 
£6.65 .— ie Won't tip over, holds iron safely. With wiping 


33/10, 47/6, 22/16 30p; 47/10 35p; 47/16 60p; 47/35 

VOLTAGE REGULATORS 

1A + or — 5V, BV, 12V, 15V, 18V & 24V 

DIODES (piv/amps) 

75/25mA 1N4148 2p. 800/1A 1N4006 6p. 400/3A 1N5404 14p. 115/15mA OA91 
100/1A 1N4002 4p. 1000/1A 1N4007 7p. 60/1.5A S1M1 5p. 100/1A bridge 
400/1A 1N 4004 5p. 1250/1A BY127 10p. 30/.15A OA47 


{J} sponge and location for spare (hot) bits. 
_No 5 stand for EC50 iron No 4 stand 


388 for ADAMIN miniature Iron’ No 3 stand 
SS for LAI2 and LC18 Irons. 


De-Solder Pumps £7.75 sates caine WO 
High Quality version of increasingly = 
popular type of tool. Precision made — thumb operation. Automatic solder 
anodised aluminium body, plunger ejection. Conductive PTFE nozzle — 
guard and high-seal piston. Easy no static problems. 


Prices include p&p and VAT. Send order 
with Cheque/PO. Ring for Access/Visa sales 


LIGHT SOLDERING DEVELOPMENTS LTD. DEPT.EE 
37-93 GLOUCESTER ROAD, CROYDON CRO 2DN. 01 689 0574 


} 


20mm fuses 100mA to 5A O/blow 5p. A/surge 8p. Holders pc or chassis 

High speed pc drill 0.8, 1.0, 1.3, 1.5, 2.0m - 30p. Machines 12V dc 

HELPING HANDS 6 ball joints and 2 croc clips to hold awkward jobs 

AAJHP7 Nicad rechargeable cells 80p each. Universal charger unit 

Glass reed switches with single pole make contacts - 8p. Magnets 

TRANSISTORS 

BC107/8/9-12p, BC557 8/9-8p, BC182L4L-10p, BC183, 183L-10p, BC212,212L-10p, 

BC327,337,337L-12p, BC727,737-12p, BD135/6/7/8/9/-25p, BCY70-15p, BFY50,52-20p, 

BFX88-15p, 2N3055-50p, TIP31,32-30p, TIP41,42-40p, BU208A-£1.20, BF195,197-12p 
All prices are inclusive of VAT. Postage 25p (free over £5). Lists Free. 


THE CR SUPPLY CO 


127 Chesterfield Rd, Sheffield S8 ORN 
Return posting 
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BY BARRY FOX 


aT 
ENTERTAINMENT 





Airvision 

Until recently, Brits only got the 
chance to enjoy inflight entertainment 
if they went on long haul flights to 
America or further afield. Now things 
are changing. Like airlines in Japan 
and the US, airlines in Europe, are now 
starting to get in-flight entertainment 
on short haul flights. 

On long haul flights you get a selec- 
tion of audio entertainment, on head- 
phones, and either one or two films, 
usually projected on a screen at the 
front of, the cabin. 

Projection used to be from Super 8 
film, now it’s from video, usually Beta 
format because Sony has close ties 
with systems supplier Trans Com of 
California — in fact Sony now owns the 
company, having bought it from parent 
company Sundstrand. Standard Beta 
tapes give better pictures than stan- 
dard VHS tapes, and with Beta now 
failed as a domestic format, there is 
less risk of tape pilferage. 

Some airlines install TV monitors in 
the passenger cabin, either instead of a 
video projector and screen, or they use 
monitors to fill in ‘blind’ areas of the 
cabin where passengers cannot get a 
good view. The latest trend is to give 
passengers individual screens. 

British Airways has been testing Alr- 
vision, a personal viewing system 
jointly developed by Philips and War- 
ner Brothers. A small l.c.d. (liquid crys- 
tal display) colour screen is built into 
the back of each seat and a push button 
control panel lets passengers choose 
between six video programmes simul- 
taneously sourced from six VHS recor- 
ders. BA is testing Airvision in tourist 
class for a very good reason — in club 
or first class passengers have more leg 
room, so the seat in front is too far 
away for the small I.c.d. screen. 

It's unlikely Airvision will catch on, 
because the cost of providing every 
seat with an lI.c.d. screen and control 
panel is very high compared with the 
cost of installing one video projector or 
several monitor sets. 


Skyview 

British Airways is also testing two 
other personal video systems, this time 
for first class passengers. Skyview 
from Fieldtech, and a similar system 
from Avicom. Both rely on an l.c.d. 
screen which is mounted on an adjust- 
able arm fixed to the seat armrest. The 
armrest houses an 8mm video play- 
back unit and passengers are offered a 
ya of 8mm cassettes to watch 
during the flight. 

Both systems use American NTSC 
Video 8 hardware, rather than Euro- 
pean PAL, Fieldtech hit on the clever 
idea of buying unsold stock from 
Kodak, who had previously contracted 
Matsushita (Panasonic) in Japan to 
produce domestic Video 8 equipment 
for sale in the USA. 

Kodak’s venture failed and the com- 
pany flogged off remaining hardware 
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at cut prices. It will be interesting to see 
how much Fieldtech has to pay for 
further supplies direct from Matsu- 
shita, if BA places a big order — 
especially as Matsushita is itself ex- 
panding its own in-flight interests. 

A different approach to personal 
video is adopted by Virgin. Each top 
class passenger gets to borrow one of 
Sony’s Video Walkman units for the 
duration of the flight. Again the cabin 
crew comes round with a selection of 
8mm video cassettes. 

Inevitably pilferage will be a problem 
with these personal systems. The fact 
that someone flies first class does not 
necessarily mean that they are honest 
and can resist the chance of an easy 
theft. 

Some airlines use VHS cassettes, 
even though they are larger than Beta 
or Video 8. Usually this is for political 
reasons, for instance because the sys- 
tem has been installed by Matsushita’s 
Avionics division. Matsushita, of 
course, is the parent company of JVC, 
developer of the VHS system. 

It is most likely that VHS users will 
probably soon upgrade to the new 
Super VHS format, which gives better 
picture quality. Already Sony is up- 
grading the latest Trans Com systems 
to Hi-8, the improved quality variation 
of Video 8. 

In-flight developments all ride on the 
top of domestic video developments. 
The in-flight market is too small to 
encourage bottom-up innovation. 

Despite all this emphasis on new 
technology, | have to say (as someone 
who does a lot of long haul flying, e.g. 
visiting factories and going to semi- 
nars and exhibitions round the world) 
that a lot of the benefits never seem to 
reach the customer. On a Virgin flight 
recently, tourist class, | was put in a 
seat where it was quite impossible to 
see the screen. Video projectors are 
often badly aligned, so that the picture 
suffers from colour fringing. 

Japanese short haul, internal, flights 
show golfing films, and often have a 
video camera at the front of the plane 
to give passengers a pilot’s view of 
take-off and landing. So do some 
American airlines. 

Plenty of flights around Europe, 
either to holiday locations or business 
city centres, are quite long enough for 
a few short films. Apart from anything 
else, many airlines now put the com- 
pulsory safety instructions on video, 
instead of having the crew demon- 
strate how to use life jackets etc. 


Sound Systems 


The sound is always relayed to pas- 
sengers through headphones. These 
used to be awful acoustic stetho- 
scopes, which pipe sound up plastic 
tubes from tiny loudspeakers hidden 
inside the seat rest. Stethoscopes are 
not only uncomfortable, they repro- 
duce no sound over around 10kHz and 
give virtually no bass response. 


Many airlines have now gone over to 
electromagnetic head-sets, often made 
by German company Sennheiser — 
with non-standard plugs to discourage 
people from pinching them. Unbeliev- 
ably, TWA still provides stethoscope 
head-sets even to passengers in first 
class. 

Even if short haul flights in Europe 
do not introduce video entertainment, 
they are likely to offer passengers the 
chance to listen to music — hopefully 
through electromagnetic headphones. 

The first sound system used a 
clumsy endless loop cartridge develo- 
ped by Trans Com — rather like a bulky 
metal version of the old eight-track car 
cartridge. These loops of tape ran for 
an hour, with four audio tracks. 

The cartridges, which cost around 
$500 each, had to be sent back to Trans 
Com for re-recording and needed inter- 
nal lubrication. The lubrication used to 
shed, clogging the heads and trimming 
treble response. When the lubrication 
failed, the tape suffered from wow and 
they finally jammed. 

There was also a system that used a 
cartridge with 1in tape that shuttled 
backwards and forwards past a play- 
back head. The tape held 32 tracks and 
the 16-track head switched sideways at 
the end of each shuttle, rather like an 
auto-reverse cassette recorder, to give 
16 tracks at any one time. These could 
be allocated to eight stereo program- 
mes, 16 mono, or a mix of both. 

Around five years ago Matsushita 
introduced a new system, which uses 
standard Philips cassettes, albeit with a 
slightly modified track format. The tape 
has four equal sized tracks running in 
the same direction, whereas with con- 
ventional cassettes there is a guard 
band in the middle between two track 
pairs, which run in opposite directions 
for flip-over playing. 

It is probably no coincidence that 
Matsushita launched this system when 
the Philips patents on the original cas- 
sette ran out, and the company could 
no longer control the tape track stan- 
dard through royalty free licences. 

The surprisingly small Matsushita 
playback unit has six drives, arranged 
in back to back pairs. As three drives 
play a total of twelve channels, the 
three other drives re-wind their tapes. 
Tones at 30Hz control switching, with 
phase comparison tricks to prevent the 
music misleading the machine. 

With C-120 cassettes, the system can 
give listeners a choice of 12 two hour 
audio channels, either 12 mono prog- 
rammes, 6 stereo or a mix of both. 
Audio quality is improved by the use of 
BDX noise reduction. 


Hell Ride 


Trans Com has now gone one stage 
further, using compact disc players as 
well as Philips cassettes. 

The latest plan is to provide passen- 
gers with word processors, a telex, fax 
and telephone link. The idea is that 
long haul flyers will be able to take 
messages from the office back home, 
telling them to work all night. 

Personally, it’s my idea of hell. | 
regard a long haul flight as one of the 
few times | can get away from the 
telephone and catch up on reading 
while listening to music and watching 
films | never have time to see back 
home. 


Everyday Electronics, October 1989 





TRANSFORMERS FROM 


NIELS 


The UK Distributor for 
Standard Toroidal Transformers 


x 106 types available from stock 
x Sizes from 15VA to 625VA 
* Dual 120v primaries allowing 110/120v 
or 220/240v operation 


STEEL DISHED 
WASHER 


OUTER 
INSULATION 


NEOPRENE 
SECONDARY Zs WASHERS 
WINDING 


INSULATION 


PRIMARY 
WINDING 


TYPE SERIES 
NO. 


RMS 
i CURRENT 
15VA 03010 1.25 160VA 53011 
03011 53012 
£9.30 03012 £16.85 53013 
03013 53014 
03014 ; 53015 
03015 53016 
03016 53017 
03017 53018 
30VA 13010 se 
£10.60 {30,5 : 53029 
13013 53030 
13014 225VA 63012 
13015 63013 
13016 : £18.40 oooia 
13017 63015 
5OVA 23010 , 63016 
23011. 63017 
£12.20 23012 63018 
23013 63026 
23014 63025 
23015 63033 
23016 63028 
23017 63029 
23028 63030 
23029 300VA 73013 
23030 73014 
80VA 33010 £20.10 bab 
33011 ; 1 
£13.50 33012 73017 
33013 73018 
33014 73026 
33015 : 73025 
33016 73033 
33017 73028 
33028 73029 
33029 : 73030 
33030 : 500VA 83016 
120VA 43010 83017 
43011 £26.55 83018 
£14.35 43012 ; 83026 
43013 : 83025 
43014 ; 83033 
43015 83042 
43016 . 83028 
43017 83029 
43018 83030 
pee ; 625VA 93017 
9 ; 93018 
43030 : £29.30 93026 
93025 
93033 
93042 
93028 
93029 
Prices include VAT and carriage 93030 
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Quantity prices available on request 
Write or phone for free Data Pack 


Jaytee Electronic Services 


143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL 
Telephone: (0227) 375254 Fax: 0227 365104 
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PUBLIC ADDRESS AND DISCO EQUIPMENT 


YOU PAY 
TRADE PRICE 
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MIXERS 


Choose from 25 models @ Mixers for 3 models heavy duty top quality with 
home use, disco’s, public address and plinth/cover. 

studio use M@ From 4 to 16 channels @ DLP1 belt drive quick start. 

@ Also 6 and 8 ch midi systems @ DLP2 direct drive system. 

@ Equalizer mixers MRT60 and @ DLP3 quartz controlled quickstart 

many more. direct drive. _ 


ECHO’S 


@ VC1 analogue m 6040 stereo 
amplifier m@ 8040 digital echo 
@ Also mini echo's. 


DIGITAL 
DELAY/REVERB 


m@ 19" rack systems @ i reverb 
with 63 user programs M@ Digital delay 
up to infinite repeat @ Also multi- 
effects programmable unit. 


GRAPHICS 


@ 19" rack systems M@ 31 band = 
channel ™@ 2 x 15 band two channel, 


and 2 x 31 band two channel. 
@ Plus range of mixer-amplifiers. 


ERS BS = RS @ Choose from 25 models. 
SPEARERS/  \(@ {| MOBILE 


CABINETS AMPLIFIERS 


@ PA speakers 51," to 12” @ Twin cone 
@ Range of 12 volt amplifiers up to 100 


from 40 to 100 Watts @ Various models 

disco/group speakers 10” to 18” Watts @ Also ao megaphones 
various types M@ Bass speakers @ Bass @ stocked and 12 volt power boosters. 
mids and mids @ Also Rexine cabinets 
10", 12” & 15" @ Plus range of cabinet 
fittings and portable speaker stands 


and brackets. 


PIEZO TWEETERS 


@ 10 models stocked from £2.95 
to £7.95 @ Square piezo £4.95. 


PUBLIC 
ADDRESS 
SPEAKERS 


@ For PA and 
background music 
system with and 
without 100 volt line 

w@ OUTDOOR. Range of 
weatherproof systems 
at various power 
ratings 

@ INDOOR. Columns for 
speech, columns for 
music ceiling speakers, 
Suspension speakers, 
corridor speakers, wall 
Speakers, music 
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POWER 
AMPLIFIERS 


@ Power boosters single channel: 
100W, 175W and 2kW. 2-ch/stereo: 
135 + 135W, 160 + 160 Watt and 

1500 + 1500 Watt. 


AMPLIFIERS 


@ With preamps @ 240V AC models 
and 12V DC/240V AC or 24V DC/240V 
AC @ From 15 Watts up to 175 Watts 
@ Also background music tape 
amplifiers and paging amplifiers. 





































































MICROPHONES/ 
STANDS 
@ XLR/Jack etc i Mics for disco, 
ae public address and Hi-Fi m Good 

aap duality at low cost @ Also stands, 


> booms etc. and wireless microphone 
system 


HORNS \We~, 
@ Various models up to 12" \4)K= 
with or without 100 volt line wy 
with drivers 
@ Also range of horns with choice of 
drive units. 

@ Accessories: Leads @ Plugs 

@ Adaptors @ Transformers etc, for all 
PA requirements. 


it 
ISS 


@ 100 Watt midrange and tweeter 
speakers - various horns @ Also matching crossovers and 
sizes and types. filters up to 300 Watts. 


CALL IN OR PHONE FOR BEST Bids A 
OPEN 6 DAYS A WEEK x VISA i 


= ae 
AUDIO ELECTRONICS fart 


301 Edgware Road, London, W2 1BN Ref PA 
Tel: 01-724 3564 Fax: 01-724 0322 Send A4 sap 
SALES OFFICE 01-258 1831 or 0 UK) 
Also at HENRY’S 404 Edgware Road, W2 products. 


TRADE/EDUCATION ORDERS ACCEPTED ‘ida 
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Constructional Project 





MUSIC 





ON HOLD 


DAVID BUTLER 


Prevents telephone from picking up 





unwanted background conversations. 
Indicates to caller that he/she has not 
been forgotten! No direct electrical 
connection to telephone. 


HE MAIN reason for this project was 

discovered while making telephone 

calls at work. While waiting for 
people to come to the phone the receiver is 
usually just left on the desk where it does a 
fine job of relaying all conversations 
around the office back down the line. 

On several occasions the retort of ““Oh 
no, not him ringing again!” was heard. It 
certainly is remarkable how well the phone 
can pick up these unwanted comments, and 
on a more serious note, those which may be 
of commercial interest. 

This project blocks out this unintentional 
“eavesdropping”, whilst on hold, by sim- 
ply playing a series of tunes to the caller. It 
also reassures the caller that someone is 


about to attend to them and not forgotten 
that the handset is lying on the desk. 

The electronics consist of a melody 
generator i.c. and a l.e.d. flasher, all 
operating from a single 1.5V battery. The 


construction is reasonably straightforward, 


the only critical part being the mechanical 
arrangement for resting the telephone 
handset on the microswitch above the 
loudspeaker. 


CIRCUIT DESCRIPTION 


The full circuit diagram for the Musical. 


On-Hold unit is shown in Fig. 1. The heart 
of this circuit is built around IC2, the mul- 
titune chip type UM34811A. 


Fig. 1. Complete circuit diagram for the Music On-Hold. 





This device requires very few external 
components to provide a 16-tune reper- 
toire, see Table 1. The tunes are pre-pro- 
grammed to produce one of three instru- 
ment sounds, namely: piano, mandolin or 
organ. 


Table 1: Tune Selection 
Twinkle, Twinkle Little Star 
Cuckoo Waltz 
Eency Weency Spider 
Lullaby 
Santa Lucia 
Oh My Darling Clementine 
Are You Sleeping 
Rock-a-Bye Baby 
London Bridge is Falling 
Down 

10 Little Brown Jug 

11 Butterfly 

12 Long Long Ago 

13 Cuckoo Waltz 

14 Mary Had A Little Lamb 

15 The Train ls Running Fast 

Dream of Home and Mother 





OMDNAAAWH = 










The tempo and tones of the tunes are 
defined by capacitor C2 and resistors R2 
and R3. These are connected to the three 
oscillator pins 13, 14 and 15 of IC2. The 
resistor R2 and capacitor C2 set the inter- 
nal oscillator, whilst resistor R3 from pin 15 
to the junction of R2/C2 makes the oscil- 
lator less susceptible to supply voltage fluc- 
tuations. . 

The decay between notes or “envelope” 
is set by resistor R1 and capacitor C3, con- 
nected to IC2 pin 7. Changing the values of 
these components alters the charge/dis- 
charge time of the internal pre-program- 
med envelope circuit. 





UM34811A 
ENV O/P2 


The circuit, as it stands, is programmed 
to play all tunes in sequence, but this can be 
changed to single tune and stop by altering 
the connections to pins 3 and 5 as follows: 
Pin Function 

3 Connected to positive supply line 
4 C1 (Vaa); plays ONE tune only. 
a hese e Connected to negative supply (Vs); 
7 : plays ALL tunes. 
5 Connected to positive supply line 
(Vaa); tunes REPEAT continuously 

Connected negative (OV) supply; 

tunes STOP at end. 


O/P1 
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The internal preamplifier outputs from 
pins 10 and 11 are fed to transistors TR1 
and TR2. These transistors are arranged as 
a push-pull output stage for driving the 
miniature 8 ohm loudspeaker LS1. 

The output volume of the unit is control- 
led by potentiometer VR1. This control 
may be an on-board miniature preset or a 
case mounted rotary type. 

Finally IC1, an LM3909 l.e.d. flasher/ 
oscillator, and D1, a red l.e.d., are 
employed to indicate that the unit is in use. 
Capacitor C1 sets the oscillator rate which 
in turn flashes the l.e.d. 

Both i.c.s consume little current 
(IC1<0.5mA, IC2 <12yA standby) and so 
the project may be powered from a single 
AA or D size 1.5 battery. 


CONSTRUCTION 

Construction of the Musical On-Hold 
project is mostly straightforward and can 
be built on a printed circuit board or Vero- 
board. The only real problems likely to 
occur may be the mounting of the micro- 
switch $1 and the miniature loudspeaker 
LS1. 


COMPONENTS 


Resistors 
R1 33k 
R2 120k 


R3 820k Fe | 


R4 330k 
R5 100k See page 636 


All 0.6W 5% carbon. 


Potentiometer 
VR1 100k enclosed preset, vert. 


Capacitors 
100u elec. 10V 
22p ceramic 
10u elec. 10V 
10u elec. 10V 
10 elec. 10V 
47n polyester 
1nceramic 
1p elec. 10V 


Semiconductors 
D1 3mmredl.e.d. 


TR1 BC109C npn silicon 

TR2 BC179 pnpsilicon 

IC1 LM39091.e.d. flasher/ 
oscillator 

IC2 UM34811A melodies 
generator 


Miscellaneous 
LS1 8o0hm miniature 
loudspeaker 40mm dia. 
$1 miniature microswitch, 
with operating lever 
Bi 1.5V battery, AA or Dsize 
Printed. circuit board (EE PCB 
Service, code EE646) or 0.1in. 
matrix Veroboard (approx. 28 
stripsx25 holes); case, diecast 
aluminium 120mmx95x30mm; 
8-pin d.i.l. socket; 16-pin d.i.I. soc- 
ket; battery holder (AA size); plas- 
tics strips, approx 90mm x 
30mm x15mm; |.e.d. clip; metal 
brackets (3 off); wire mesh; card; 
connecting wire; solder; nuts and 
bolts, etc. 


Vole) ple} Mal ote l-t 7 £ 18 
Guidance only 
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Fig. 2. Printed circuit board component layout and full size copper 


foil master pattern. 
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B1 
+1°5V VIA S1 





Fig. 4. Suggested layout and cutout 
details for the case lid. 


Commence construction by first select- 
ing either the p.c.b. or the Veroboard ver- 
sion. The component layout and full size 
copper foil master pattern for the p.c.b. 
version is shown in Fig. 2. (This board is 
available from the EE PCB Service, code 
EE646). The Veroboard component lay- 
out and details of breaks required in the 
underside copper tracks is shown in Fig. 3. 

Mount and solder the two i.c. holders 
and the four solder pins in position. Do 
NOT at this stage insert IC1 and IC2 in 
their respective holders, leave these until 
last. 

Next solder all resistors in place followed 
by the preset VR1, capacitors and the two 
transistors TR1 and TR2. Take particular 
care to ensure that the _ electrolytic 
capacitors and the transistors are inserted 
correctly. Finally, attach lengths (approx. 
150mm) of connecting wires to the four sol- 
der pins and also to the I.e.d. pads on the 
circuit board. 

Those building the circuit on Veroboard 
should double-check that all 18 breaks in 
the copper strips have been made. Also 
confirm that there are 19 wire links on the 
Fig. 3. Component layout and details of breaks required in the underside copper board. 
strips for the Veroboard version. 


OFOFOFORSR, 
OBOTORORLO 





Layout of components inside the case. Mounting the microswitch on the lid using a plastics strip and metal 
bracket. i 
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CASE 


Once the circuit board has been checked 
out it should be put to one side and a suit- 
able case should be prepared to take the 
loudspeaker, battery holder and micro- 
switch. The prototype model used a shal- 
low metal diecast case (to withstand daily 
office life!) with a cutout in the lid to take 
the telephone handset, see Fig. 4. 


The cutout is covered with a wire mesh 
glued to the underside of the lid and sits 
above the loudspeaker. The microswitch is 
also mounted on the lid using a metal brac- 
ket and plastics strip. 

The microswitch is arranged so that the 
operating lever just protrudes through the 
wire mesh and any object placed on the 
mesh will automatically operate the switch. 
The only other component mounted on the 
lid is the red l.e.d. which should be 
positioned in one corner, see photographs. 

A piece of card, about 110mmx76mm, 
should be placed in the bottom of the case 
to one side. This card sits under the p.c.b. 
and stops the board’s copper tracks from 
shorting out. 

The board is held in place by two sets of 
nuts and countersunk bolts. A single AA 
size battery holder should now be fixed in 
position to one side of the board. 

A piece of 90mm xX30mm plastics strip, 
with a small 20mm diameter hole cut in it to 
“cradle” the loudspeaker, is mounted 
above the circuit board at one end. The 


strip also has a small corner cut out at one . 


end to allow the l.e.d. to pass when closing 
the lid. 

Once all the components have been 
mounted in the case the lengths of connect- 
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Completed unit showing the microswitch lever protruding through the wire 


mesh. 


ing wires should be soldered to the battery 
holder, loudspeaker, |.e.d. and micro- 
switch. 

The two i.c.s should now be pressed into 
their holders and the battery inserted into 
the holder. Before closing the lid the unit 
can be checked for operation by pressing 
the microswitch lever. The close packing of 
components may necessitate some slight 
adjustments before the lid will close up, the 


RIC FLU 
ELECTRUNILS 


0 (y 100 PAGE COMPONENT 
CATALOGUE 


SEND OFF FOR YOUR COPY TODAY... 


eee eeeeeeee 


eee eeeesees 


SEND OFF FOR YOUR FREE 
CATALOGUE AND VOUCHERS TODAY 


I WOULD LIKE TO RECEIVE ...... COPY (COPIES) OF 
THE 1989 CRICKLEWOOD ELECTRONICS 
COMPONENT CATALOGUE. 


COSHH HEHEHE HHH EEE HEEHE SHEESH EHE THEE ETE EEE EEE HEHEHE EHO HEHEHE HEHEHE EEE SEDO OES 


I WOULD LIKE TO RECEIVE A FREE COPY OF YOUR 
1989 CATALOGUE. 


position of the microswitch is particularly 
important in this respect. 


IN USE 


When the phone is placed on the box the 
l.e.d. should start to flash, along with the 
start of the tunes. The volume control pre- 
set VR1 should be adjusted to a comfort- 
able level to avoid any possible damaging 
effect to the ears of the caller. 0 
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HIS month, in preparation for some 

forthcoming constructional projects, 
we Shall be taking a detailed look at the 
hardware of MGT’s exciting new SAM 
COUPE. We also have details of a new 
electronic drawing package from BESofT 
which will appeal to any electronics 
enthusiast who needs to produce neatly 
drawn circuit diagrams. We begin by open- 
ing up an old topic which may be of interest 
to those who own Issue 2 Spectrums. 


Extra RAM 

N. Allen writes from Alcester with some 
further information concerning the poten- 
tial extra 32K of RAM present within the 
early “16K” versions of the Spectrum. Mr. 
Allen writes: 

“Your article on RAM chips (May 1989) 
intrigues me. My Spectrum is an Issue 2 so I 
thought the potential extra 32K worth inves- 
tigating. The link to select the upper or lower 
half of the 64K chips (the 4532’s located in 
two rows of four just below centre on the 
board) is between the ULA (the large i.c. 
next to the modulator) and the upper left 
hand 74L S157. The link restricts the RAMs 
toa 7X8 matrix instead of the possible 8 x8 
address bits (giving 32K). 

Before continuing, both halves of the 
4532s can be checked by first POKEing an 
address into the top 32K (such as 40000) 
with zero, then PEEKing the address. Now 
try POKEing 255 and PEEKing. A return 
of the POKEd number indicates that at least 
half of all eight RAMs is working (one chip 
for each bit). Now turn the link round and 
repeat the PEEKs and POKEs. 

I have replaced the link with a pull-up 
resistor of 47k and taken the central hole of 
the three to pin 4A of the edge connector 
(pending future developments such as using 
an output port to switch a 74LS373 to page 
the extra memory in or out).” 

Although I have not personally tried Mr. 
Allen’s suggested modification, I do know 
of several other Spectrum users who have 
successfully made use of the unused 32K 
RAM in Issue 2 machines by similar 
means. It is, however, worth pointing out 
that only the later Issue 2 Spectrums may 
have been fitted with fully functional 32K 
RAM chips. 

Early models are quite likely to have 
chips which have defective memory cells 


666 


(in one half of the matrix). This does not, of 
course, preclude users from making the 
modification and then identifying and 
replacing the faulty chip (or chips). For 
those who wish to follow this route, a sim- 
ple method for checking and identifying 
suspect RAM devices was described in the 
May 1989 instalment of On Spec. 


Hardware Expansion 
and the SAM COUPE 

Version 1.1 of MGT’s SAM COUPE 
manual recently dropped through my letter 
box. The document contains much of 
interest to both hardware and software 
developers and, by studying its contents, 
one can at last begin to form a realistic 
impression of what MGT’s new machine 
will be capable of. The COUPE provides a 
number of sophisticated I/O facilities not 
previously found on_ Sinclair/Amstrad 
Spectrum machines and all connections to 
the COUPE (with the exception of the 
removable internal disk drives) are made 
via the rear panel. 


Bus expansion 

A standard 64-way Euroconnector (with 
rows A-C fitted) provides access to the 
principal bus signals. With a few notable 
differences, this connector provides a simi- 
lar function to that associated with the 
Spectrum edge connector. The usual data 
and address bus signals are available as are 
the control bus signals; RD, WR, INT, 
NMI, HALT, RESET, IOREQ, MREQ, 
BUSREQ, and BUSACK. 

Also present are two ROM chip selects, 
AUDIO LEFT and AUDIO RIGHT, 
RED, GREEN and BLUE, CSYNC, 
VSYNC, and MIC/EAR. This last named 
signal is also available from a single 3.5mm 
jack connector. We shall include further 
details of the particular connector in a 
further instalment of On Spec. 


Cassette jack 
A 3.5mm (mono) jack socket provides 
the combined MIC/EAR signal. The signal 


is bi-directional; output is via the cassette. 


recorder’s MIC socket when SAVEing 
data whilst input is via the unit’s EAR soc- 
ket when LOADing. It makes no differ- 
ence to the COUPE if EAR and MIC are 
connected together but readers should 
note that not all cassette tape recorders will 
tolerate this! 


SCART 

The 21-way SCART connector provides 
both RGB and composite video signals 
together with left and right audio outputs. 
This connector will thus facilitate connec- 
tion of a wide range of video monitors, 
both analogue and digital. The pin connec- 
tions are as follows: 


Pin Signal Pin Signal 

1 AUDIORH 2_ SPEN 

3 AUDIOLH 4 AUDIOGND 
. “BLUEGND 6 BLUETTL ° 
7 BLUELIN 8 REDTTL 

9 GREENGND 10 GREENTTL 
11 GREENLIN 12 BRIGHTTTL 
13 REDGND 14 CSYNCGND 
15 REDLIN 16 CSYNC 

17 C.VIDGND 18 POWERIN 
19 CC. VID 20 POWERIN 

21 GND 

Light pen 


The light pen connector is a standard 5- 
pin DIN socket. The connector has a dual 
function; not only does it provide a light 


pen (or light gun) input but it also provides 
stereo audio output for connection to a 
domestic Hi-Fi system (via an AUX input). 
The pin connections are as follows: 


Pin Signal 
1 OV 
2 AUDIO LEFT 
3 SPEN INPUT 
4 AUDIO RIGHT 
5 +5V 
Joystick 


The joystick connector is a standard 9- 
pin D-connector. The connector follows 
the Atari convention except that an extra 
strobe line is available for a second joystick 
together with a line carrying +5V. MGT 
intend to facilitate dual joystick operation 
by means of a second joystick fitted with a 
special plug-socket connector. The joystick 
is read by the keyboard port (port address 
254 decimal) and overlays numeric keys 1 
to 5 for the second joystick and 6 to 0 for the 
first joystick. The joystick connector is 
wired as follows: 


Pin Signal 

1 UP 

2 DOWN 

3 LEFT 

4 RIGHT 

5 OV 

6 FIRE 

f +5V 

8 STROBEL 1 

9 STROBEL 2 
Mouse 


The mouse interface employs a standard 
8-pin DIN connector. MGT’s three button 
mouse interrupts the CPU to request a read 
of its X and Y signal lines. The software 
driver is contained within the ROM and 
overlays the cursor keys. The mouse input 
can be read from the keyboard port (ad- 
dress 254 decimal) with address lines A8 to 
A15 set high. The mouse connector is 
wired as follows: 


Pin Signal 
LEFT 

UP 
RIGHT 
MSE INT 
RDMSEL 
OV 

+5V 
DOWN 


CONNNBWN RK 


MIDI INPUT 
MIDI input is via a 7-pin DIN connector. 
The input is serial data at 31.25Kbaud 
which is fed via an opto-isolator to a serial- 
parallel convertor. The MIDI interface 
interrupts the CPU when a data byte has 
been assembled within the MIDI-IN regis- 
ter (address 253 decimal). This INPUT can 
also be read by bit-7 of the VMPR (address 
252 decimal) and is also used by the NET- 
WORK. The connections are as follows: 
Pin Signal 
NET - LOOP 
not connected 
NET+LOOP 
MIDI+IN 
MIDI-—IN 
NET —LOOP 
NET+LOOP 


NNN PWNKE 


MIDI OUTPUT 

MIDI output also employs a 7-pin DIN 
connector. By writing a data byte to 
address 253 decimal (the MIDI-OUT regis- 
ter) the MIDI interface outputs a current of 
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7.5mA at 31.25Kbaud. When transmitting, 
bit-4 of the STATUS register (address 249 
decimal) is set. This OUTPUT can also be 
driven by bit-7 of the VMPR (address 252 
decimal). An internal through connection 
is made from MIDI IN to MIDI OUT by 
setting bit-6 (THROM—through MIDI) of 
the BORDER register (address 254 deci- 
mal). MIDI OUTPUT is also used by the 


NETWORK. The connections are as fol- . 


lows: 


Pin Signal 

1 NET—LOOP 
2 GND 

3 NET+LOOP 
4 MIDI+OUT 
5 MIDI—OUT 
6 NET—LOOP 
7 NET+LOOP 


ELECTRODRAW 

In May’s On Spec, I reviewed the ingeni- 
ous PCB Designer package from Kemsoft. 
The popular computer press often refers to 
packages of this type as “productivity 
software”; a very apt title for programs 
which can be instrumental in saving the 
user many hours of toil! I was, therefore, 
interested to learn of another package 
which puts the Spectrum to excellent use 
serving the needs of the electronics 
enthusiast. This program is from a rela- 
tively new company, BESofT, and is en- 
titled ELECTRODRAW. 

ELECTRODRAW is a versatile elec- 
tronic drawing aid which allows users to 
draw, edit, store, and print electronic cir- 
cuit diagrams. The program is available in 
either tape or microdrive versions, the lat- 
ter having obvious advantages when stor- 
ing and retrieving diagrams. 

ELECTRODRAW contains a number 
of features which make it easy to use. The 
program has symbol, label, line and box 
drawing facilities and includes a magnifier 
which produces a four-times normal size 
image of the area around the cursor for pre- 
cise alignment of symbols and conductors. 
Symbol editing and creation can be carried 
out from within the main program and a 
“symbol merge” facility allows symbols 
from one diagram to be transferred to 
another. All microdrive functions (except 
MOVE#) are supported from within the 
main program. 

ELECTRODRAW runs on any 48K or 
128K Spectrum (including the Plus-2 in 
48K mode without any add-ons (but some 
facilities require a printer and some require 
a microdrive). The following printer inter- 
face opions are supported: ZX _ or 
Alphacom-32, Centronics interface, and 
Sinclair Interface One RS-232 output. 

The program comprises 11K of pure 
machine code (there is no BASIC loader). 


ELECTRONIC CONSTRUCTION KITS SECOND TO NONE 
Our FM MINI TRANSMITTER (BUG) is rather exceptional, measur- 
ing only 2X1 in. It has two transistors, one power output. Varicap 
controlled. High quality condenser, electret insert plus ready 
wound coil. About one mile range. Glass PCB. MKIll version. 9V DC. 

Complete kit £4.75 


Exclusive to us our FM RADIO MICROPHONE measures just 2x4 
in. It has F.E.T circuitry and is designed to function from only 112V 
DC with one 18 inch trailing lead for its aerial. Varicap controlled 
and built to the same high quality as the above. Complete kit £6.75 


MANY OTHER QUALITY KITS AVAILABLE. SAE PLEASE. 
ALL PRICES ARE COMPLETELY INCLUSIVE. 
RETURN POSTING DETAILS OF ALL KITS SENT WITH ALL ORDERS. 


CHEQUES P.O. TO: 


KITMASTER PRECISION TIME 


65 Roseland Road, Waunarlwydd, Swansea SA5 4ST 
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It is important to note that, although the 
cassette version supports all the microdrive 
facilities, the program itself cannot be 
transferred to microdrive. The cassette 
version can, however, be exchanged for a 
microdrive version for a small fee. Owners 
of the cassette are asked to return the cas- 
sette version with payment. 

The software is supplied with a 12-page 
AS5 format manual. The manual is neatly 
presented and includes sections entitled 
“Getting Started”, “The Main Menu 
Options”, “The Drawing Process”, “The 
Symbol Design Routine”, “Tape/Micro- 
drive Options”, and “Handling Very Long 
Diagrams”. 


Symbols 

Successful use of any _ technically 
oriented drawing package depends very 
largely on the availability of an adequate 
library of commonly used symbols. Draw- 
ing packages should, ideally, be supplied 
with a number of symbols libraries (one for 
each application) and should also allow the 
user to define his or her own personalised 
set of symbols. ELECTRODRAW con- 
tains a library of fifty electronic symbols 
which are immediately available whenever 
the program is loaded. These symbols 
(which can be mirrored and rotated) will be 
adequate for most drawings, however, 
there will be occasions when additional 
symbols will undoubtedly be required. 

Symbol definition is straightforward 
within ELECTRODRAW. The program 
allows approximately 17Kbytes of memory 
for symbol definition. This space is suffi- 
cient for about 500 symbols of 2X2 charac- 
ter squares. The fifty symbols supplied with 
the package take about 2.5Kbytes and this 
leaves over 14Kbytes free for the user’s 
own symbol library (sufficient for approxi- 
mately 400 symbols of average size!). 


In use 

I tested the cassette version of ELEC- 
TRODRAW in conjunction with a Spec- 
trum Plus and Epson printer. In order to 
speed up loading of the program, I also 
took a “snapshot” of the program (and 
drawings) using the 48K snapshot facility of 
MGT’s Plus-D interface. No problems 
were encountered in using the software 
when transferred to disk. However, since 
the software transferred was from tape 
(rather than microdrive), all storage opera- 
tions reverted to cassette. BESofT are, 
hopefully, investigating the viability of pro- 
ducing a version of the program from Disci- 
ple and Plus-D users. 

My overall impression of ELECTRO- 
DRAW is that it is a pleasure to use; most 
of the operations are quite intuitive, the 
cursor control is good, and the mirror and 


yx 68000 CPUs (The fi first orders get 1 10MHz chips) 
yy 74LS TTL assortments, 10 di 
ve 8K Byte NV ram ing 


rotate facilities are excellent. I did find it 
necessary to re-draw a few of the symbols, 
though this was simply a matter of personal 
preference rather than reflecting any seri- 


ous shortcomings of the symbol 
library. 
Since ELECTRODRAW is _ clearly 


intended for low-cost applications, the 
program does not support output to a plot- 
ter. The quality of printed output is, how- 
ever, perfectly adequate for many applica- 
tions. Furthermore, subject to the usual 
constraints associated with dot-matrix 
printers, the output proved to be compara- 
ble (though not superior) to that produced 
by much more expensive packages (e.g. 
GFA Draft on the Atari-ST when using a 
dot-matrix printer as an output device. 


In Conclusion 

Fully blown “professional” CAD 
packages can cost many hundreds (if not 
thousands) of pounds. ELECTRODRAW 
is not in the same league as these highly 
sophisticated packages but, for those who 
require a simple package for straight- 
forward electronic drawing and don’t 
require fancy features (such as scaling or 
multiple layer drawing), ELECTRO- 
DRAW is in a class of its own. 

The quality of the artwork produced is 
perfectly adequate for most purposes and 
the program should be instrumental in 
dramatically improving the presentation of 
such things as project reports, equipment 
handbooks, and manuscripts. At less than 
£20 this particular “productivity package” 
must be considered a real bargain! 


ELECTRODRAW costs £17.50 (cassette 
version) or £19.00 (microdrive version) 
including postage and packing. BESofT are 
at 20, Ashville Road, Leytonstone, Lon- 
don, Ell 4DT. Tel: 01-558-3469 (evenings 
only). 


Next month: I shall be dealing with a 
bumper crop of queries together with some 
more hints and tips received from readers. 
We also have details of Andy Wright’s 
SAM BASIC (Andy will be well known to 
many readers as the author of Beta BASIC) 
and will be delving into the memory map of 
the SAM. In the meantime, if you would 
like a set of our Update sheets, please drop 
me a_ line’ enclosing a large 
(250mm X 300mm) and adequately 
stamped (currently 42p for UK postage) 
and addressed envelope. Please note that I 
can no longer provide individual replies to 
queries but instead will do my best to pro- 
vide answers in future instalments of On 
Spec. 

Mike Tooley, Faculty of Technology, 
Brooklands College, Heath Road, 
Weybridge, Surrey, KT13 8TT. " 


CAMBRIDGE COMPUTER SCIENCE UIMIMED 


Just In — ae 10MB Winchesters only £42.00 each 
yx 5.25” Disk Drives, 80 Tk, DSD 
re Disk Drives, 40 Tk, SSDD 


erent devices 


£1.2 
£3.00 each £10.00 ‘sour 
£0.50/10 £4.00/100 
£0.60/10 £5.00/100 
£8.00 each 


x Toroidal mains transformer, 
12V 4A & 0.4A, 12-0-12 . 1A & .2A, 9-0-9 .2A 


All items new unless stated. Add 15% VAT to all prices. 
Prices include postage. Add 50p to orders below £5.00 


Send an SAE for our latest list or for more info. 
Dept EE, 374 Milton Road, Cambridge, CB4 1SU 


£4.00/1 £6.00/2 £8.00/3 


Tel: 0223 424602 
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Pocket Money Project 


SIMPLE 
L.E.D. TIMER 


CHRIS BOWES 


A low cost, easy-build unit that can be 


adapted 


applications 


T 


HIS PROJECT is essentially a variation 
on the chaser circuit, featured last 
month, in which a series of l.e.d.s 
are made to come on in sequence. This dis- 
play format has been adapted to provide an 
indicating function which is used to show 
an elapsed preset time period. An audible 
output is triggered when the last l.e.d. is 
illuminated and the circuit is latched so that 
the alarm continues to sound until the cir- 
cuit is turned off. 

Although the component values have 
been chosen to suit a timing period of about 
four minutes, the circuit can be easily 
adapted so that the period is altered to suit 
other applications. The author uses his 
model as an audio/visual egg timer. 

As with all of the circuits in the “Pocket 
Money” series, the design is intended to 
operate from a standard 9 volt battery. The 
circuit shown includes a buzzer but this can 
be replaced with any of the audible output 
circuits featured in this series, although it 
may be necessary to alter the transistor to 
one of a higher power to ensure that correct 
operation occurs. 





to many simple 


timing 


HOW IT WORKS 


The circuit really contains three standard 
circuit building blocks, some of which we 
have already met in this series. 

The first standard circuit block is the 555 
timer astable circuit which is used, in this 
case, to provide a series of pulses which are 
used to “clock” the rest of the circuit 
through. The standard layout of the 555 
timer astable is shown in Fig. 1a and in this 
configuration produces an _ output 
waveform as shown in Fig. 1b. 

The duration and interval between 
pulses produced by this circuit are deter- 
mined by the values of Ra, Rg and C as 
shown by the two formulae given in Fig. 1b. 
By altering the values of the components in 
accordance with the given formulae the 
timer can be adapted to suit other applica- 
tions. 

The second building block is a standard 
“chaser” circuit using a 4017 Johnson 
Counter i.c. This very useful i.c. provides a 
sequential series of outputs, which are used 
to drive the indicator l.e.d.s, which change 






OUTPUT 


Fig. 1a. Using the 555 timer in the 
astable mode. 


<T1 -»<T2-—» 


T1 =0°7 X RAXC 
T2 =0°7 X(RA+RB)IXC 





Fig. 1b. 555 timer astable timing 
diagram. 


Fig. 2. Complete circuit diagram for the Simple L.E.D. Timer. The diodes D1 to D10 are contained in a ten-way I.e.d. module. 
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every time a clock pulse is received from 
the astable circuit. 

The i.c. is provided with a “clock enable” 
input which is connected to the last output 
so that when this output is energised the 
clock is “locked”. This provides a latching 
function which is used to keep the last 
building block (the alarm) operating until 
the circuit is switched off. 

The final building block is a simple, 
single transistor current amplifier which is 
used to provide the current needed to drive 
the output buzzer, which requires more 
current than could be provided by the 
Johnson counter. 


CIRCUIT DESCRIPTION 


The complete circuit diagram for the Sim- 
ple l.e.d. Timer is shown in Fig. 2. The 
clock pulse required to advance the “ch- 
aser” circuit is provided by IC1, R1, R2, 
VR1 and C1. This is virtually the same as 
that shown in Fig. 1a with the combination 
of preset VR1 plus resistor R2 taking the 
place of Rg. The addition of VR1 to the 
fixed resistor enables the time between the 
clock pulses to be adjusted, for instance, if 
used as an egg timer it can be calibrated to 
give exactly the correct time period which 
is in fact spread over the nine pulses 
required for the sequence. 

Because IC2 is a CMOS device, the bi- 
polar 555 timer can not be used in this pro- 
ject and IC1 MUST be the CMOS version, 
i.e. ICM7555 or TLCS55C. There is how- 
ever, some gain in the fact that the CMOS 
timer does not require the connection of a 
capacitor between the OV power supply rail 
and pin 5. 

The “chaser” function for the display is 
provided by [C2, which is a 4017 Johnson 
Counter. This i.c. has two inputs which can 
be configured in different ways so as to pro- 
vide a number of different functions. 

In this circuit the output from the IC1 is 


‘connected to pin 14 (one of the clock 


inputs) of IC2, and pin 13 (used in this case 
as a clock enable input) is connected to out- 
put 0, (pin 11) of IC2. Whilst Oo is at the 
logic 0 (0 volts) level, pin 13 is also held at 
logic 0. 

In this condition the outputs 09 to 05 of 
the 4017 each go to the logic 1 (battery vol- 
tage) state in turn, changing every time that 
the clock pulse at pin 14 changes from the 
logic 0 state to the logic 1 state (the change 
going from logic 1 to logic 0 state is 
ignored) for as long as pin 13 is in the logic 
0 state. This continues until 0, (pin 11) is 
energised going to the logic 1 state. 
Because this output is connected to pin 13, 
which acts as a clock enable input this is 
also forced to the Logic 1 state, causing IC2 
to latch in its existing state, keeping pin 11 
in the energised state and causing all 
further pulses at pin 14 to be ignored. 

Capacitor C1 and resistor R3 form a very 
simple pulse circuit which makes the Mas- 
ter Reset input (pin 15) go momentarily to 
the logic 1 state. This causes the 4017 to be 
reset so that output 0» (pin 3) is energised, 
as soon as the timer is turned on. 


DISPLAY 

The ten outputs from the 4017 are each 
connected to an indicator l.e.d. (D1 to 
D10) through a 330 ohm dropping resistor 
(R4 to R13). The l.e.d.s work in the same 
way as ordinary diodes, by allowing a cur- 
rent to flow through in one direction, but 
not in the other. When a current flows 
through the l.e.d. it glows. 

It is important that the l.e.d. is not sub- 
jected to excessive current and the drop- 
ping resistors are included to restrict the 
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LED Timer | 


current flowing through the l.e.d. to a safe 
level. The |.e.d.s are made to illuminate in 
turn as each of the outputs of IC2 goes to 
the logic 1 state 


CURRENT AMPLIFIER 

Output 0, from IC2 is also connected via 
resistor R14 to the base of TR1. This trans- 
istor is used as a simple current amplifier to 
energise the audible warning device, WD 1. 
When a current is allowed to flow through 
the base/emitter junction of TR1 it causes a 
larger current to be drawn through WD1 
and the collector/emitter circuit of TR1, 
causing the buzzer to sound. 

Capacitor C3 is a tantalum capacitor 
which is used to provide smoothing (decou- 
pling) of the power supply rails in all 
CMOS circuits. This component is neces- 
sary to ensure correct operation of the cir- 
cult. 


CONSTRUCTION 


The timer project is easily made up using 
two stripboards as shown in the photo- 
graphs and in Fig. 3 and Fig. 4. You will 
probably find it helpful to look at those 
whilst you make up the circuit. 

The first task is to cut two pieces of strip- 
board to the correct size. You will need one 
piece, used for the main circuit board, 
which is 16 strips deep and 29 holes wide 
and another, used for the display, which is 
16 strips deep by 14 holes wide. The sizes 
allow for drilling 4mm mounting holes in 
the postions shown, before starting to con- 
struct the circuit. 

Similarly, before any components are 
mounted on the stripboards, you will need 
to break the copper tracks, as shown Fig.3 
and Fig. 4. It is important that these track 
breaks are made completely so that not 
even the merest sliver of copper remains to 
bridge any tracks. 

Although it does not make any differ- 
ence to the operation of the circuit which 
order you make up the two boards or which 
order you insert the components into the 
boards you will probably find it best to 
make up and test the display board first and 
then go on to the main circuit board. The 
making up of both boards is easier to do if 
the components are inserted and soldered 
in ascending order of size. 


DISPLAY BOARD 


The display board is the simpler of the 
two boards to make up. The prototype of 
this project used a ten-way l.e.d. module as 
the display but there is no reason why you 
should not make use of ten single l.e.d.s 
instead if you prefer. The first stage of 
making up this board is to connect the wire 
links shown in Fig. 3. 


COMPONENTS 


Resistors 
R1 3.k3 
R2 33k 
R3 10k a 
R4to R13 330 (10 off) 


R14 27k See page 63 
All 0.25W 5% carbon page Bae 





Potentiometer 
VR1 100k min. skeleton 
preset, horizontal 


Capacitors 
C1 470 p.c.b. elec. 10V 
C2 0401 Mylar 16V 
C3 22 tantalum 10V 


Semiconductors 

D1-D10 10-way barl.e.d. 
array (or 10X single 
|.e.d.s) 

TR1 ZTX300 npn silicon 

IC1 CMOS 7555 timer 

IC2 4017 10-stage 
Johnson counter 


Miscellaneous 

S.p.s.t. switch 

6V-12V solid state 

buzzer 

-9V battery (PP3 type) 

Stripboards, 17 stripsx29 holes 
(main board) and 16 stripsx14 
holes (display); 16-pin i.c. socket; 
8-pin i.c. socket; plastic case; self 
adhesive stand-offs (7 off); bat- 
tery connector; connecting wire; 


£10.50 


y+Vole) me) om ese] a 
Guidance only 
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Fig. 3. Display board component 


layout and details of copper tack 
cuts. 
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Completed display board s 
the 10-way lI.e.d. module. 


There are a number of wire links 
required to make the common OV connec- 
tion to the l.e.d. cathodes (k) and you may 
prefer to make these connections by means 
of a single bare wire soldered to the under- 
side of the stripboard. 

The next stage is to insert the d.i.1. soc- 
ket used for the l.e.d. display, followed by 
the display itself. If discrete l.e.d.s are 
being used, insert them into their correct 
places and solder them in place. These 
l.e.d.s are polarity sensitive so it is impor- 
tant to ensure that they are connected the 
correct way round, or else they won’t work. 

Also at this stage the wires linking the 
two boards together can be attached to the 
display board. Although the board has 
been designed so that ribbon cable can be 
used stranded, single-core wire can also be 
used successfully. If single wires are used 
then construction will be made easier if dif- 
ferent coloured wires are used for this pur- 
pose. 

Testing and fault finding of the timer 
should be carried out prior to inserting the 
boards in a suitable case. 


DISPLAY BOARD TESTING 


It is advisable to test the display board 
separately before connecting it to the main 
driver board. This is simply done by con- 
necting the negative of the battery to the 
common connection on the board and 
touching each of the wires connected to the 
anodes (a) of the l.e.d.s, via the associated 
dropping resistors to the positive connec- 
tion of the battery in turn. 

Each 1.e.d. should light up as the connec- 
tion is made. If none of the l.e.d.s light up 
then the most likely causes are either that 
the 10-way l.e.d. module (if you are using 
one) is inserted into its holder the wrong 
way round or that there is a faulty connec- 
tion in the common wire connecting all the 
cathodes (k) to the battery negative. 

The first fault can be cured by rotating 
the module through 180 degrees. The sec- 
ond fault will have to be traced by testing 
the continuity (using the meter’s “ohms” 
range) between the battery end of the com- 
mon wire and its connections on the board. 

If some of the l.e.d.s light but not all then 
it will be first neccessary to check whether 
there is a pattern as to which diodes light 
and which do not. If there is a point in the 
sequence up to which they light and then 
the rest do not then it is likely that there is a 
break in the links joining the commoned 
cathodes together. This can be traced as 
described above. 

If there is no pattern as to which l.e.d.s 
light and which do not then it is most likely 
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howing | 


Shs 


Layout of components on the completed main board. ' 


that there are individual faults in each of 
the circuits leading to the anodes of the 
l.e.d.s, via the associated series resistor. 
The complete circuit, from the wire leading 
to the main board, through the series resis- 
tor and the connection to the anode’s 
should be thoroughly checked with a meter 
to ensure complete continuity of the cir- 
cuit. If neither of these checks reveal any 
explanation as to why a correctly installed 
l.e.d. does not light then it must be 
assumed that it is faulty and should be 
replaced. 


MAIN BOARD , 
After the display board has been made 


and checked it is now time to construct the 
main board, starting by inserting the wire 
links as shown in Fig. 4. - 

The next task is to put the resistors in 
their correct places by first bending the 
wires of the resistor at right angles to the 
body of the component, so that they will fit 


23 485 6 7 8 & 16 11 F2 13 «16 18 16 17 «18 
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through the holes, as shown in Fig. 4. Also 
fit preset VR1 into the correct position and 
solder it into place. 

The next item to be inserted into position 
is the i.c. holder. Although it is possible to 
solder the i.c. directly into place using a 
socket will both make the construction sim- 
pler and make for easier replacement if a 
fault should occur. It is important that you 
take care to make sure that the notch on the 
IC holder is facing towards the bottom of 
the stripboard as this will help you when 
inserting the ICs into place. 

Next come the capacitors. C2 is a non 
polarised capacitor so it does not matter 
which way round it is inserted but C1 and 
C3 are electrolytic capacitors so it is impor- 
tant that they (the —ve connection usually 
marked on the component case — see 
photographs) are connected as shown in 
Fig. 3. Similarly care must be taken when 
mounting the transistor to ensure that its 
orientation corresponds with that shown in 
Fig. 3. and the photographs. 


| | 22 23 2% 25 26 27 26 29 


Fig. 4. Main stripboard component layout and details of breaks. 
required in the underside copper tracks. 
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The final component to be mounted is 
the buzzer or other audible warning device. 
This device is often polarity sensitive so 
care must be taken, if the device is marked 
with polarities on the case or by means of 
red and black coloured wires, to make the 
connections with the correct polarity. 

The wires connecting the battery to the 
circuit board can then be tinned and sol- 
dered into place. The black wire from the 
battery connector goes to the point on the 
stripboard and the battery connector’s red 
wire will need to go to one of the switch ter- 
minals. Another wire is connected between 
the other switch terminal and the B1+V 
connection on the stripboard. The tested 
display board can now be connected to the 
main board taking care to ensure that the 
connections match exactly those shown in 
the board layouts. 

The final step is to insert the i.c.s into 
their holders, making sure that the notch or 
indentation on the i.c. corresponds with 
the notch on the i.c. holder. Some i.c.s do 
not have a notch in one end but have a 
slight, circular dent near pin one. 


MAIN BOARD TESTING 


Before connecting the battery and test- 
ing the circuit you should carefully examine 
the stripboard to make sure that all of the 
components are inserted into the correct 
places, are the correct way round and that 
there are no blobs of solder shorting out the 
tracks. Once the board has been checked 
then the battery should be connected and 
you should be able to see the 1.e.d.s turning 
on in turn and be able to set the rate of this 
by adjusting VR1. 

If the circuit does not operate correctly it 
will be necessary to check for faults. You 
will probably find that you will need the aid 
of a multimeter to perform this stage of the 
process. 


CLOCK GENERATOR 

Check that the clock generator circuit, 
comprising R1, VR1, R2, Ci and IC1, is 
Operating correctly. The best method of 
doing this is to use a voltmeter to measure 
the output voltage at pin 3 of IC1. If the 
clock circuit is operating correctly then the 
meter needle should be seen to register a 
slow pulse at approximately 30 second 
intervals. 


The two circuit boards mounte 
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If this does not happen then the next 
Stage is to perform some basic voltage 
checks. You should be able to measure the 
battery voltage between any 0 volt connec- 
tion and both pins 8 and 4 of IC1 as well as 
between the Battery + connection to the 
board and pin 1. If these voltages are not 
present this will indicate faulty wiring up of 
the stripboard. 

If this does not produce a satisfactory 
solution then the output voltage at pin 3 of 
IC1 should be checked. If this is locked per- 
manently at a fixed voltage then you should 
remove the i.c. from its socket and check 
the voltage at pin 3 connection again. If the 
voltage persists with IC1 removed then the 
fault does not lie with IC1 but most possibly 
with the wiring associated with the i.c. and 
the output to [C2 or its associated wiring. 

The next step is to replace the i.c. and 
check the voltages at pins 2, 6 and 7. The 
voltage at pin 7 should be fluctuating slowly 
around a value which is roughly between 
Y4rd and rds of the battery voltage. The 
voltages at pins 2 and 6 should be identical 
(because these two pins are connected 
together by a wire link) and these should 
also be fluctuating but at a voltage slightly 
less than that found at pin 7. 

If both of these voltages are not present 
then the most likely cause is that the circuit 
from the + voltage rail, through VR1, R1 
and R2 is not correctly made. This is best 
checked by measuring the voltage present 
between 0 volts and each of the points in 
the component chain through VR1, R1, R2 
and Cl and investigating at the junction 
where no voltage is measured. 

If a voltage is present between 0 volts 
and pin 7 but no voltage, or only a very 
small voltage, is measured between the 0 
volts rail and pins 2 or 6 of IC1 then you 
should check that the resistance between 
pins 7 and 6 of IC1 is roughly equal that of 
resistor R2. If this is correct then check the 
resistance of capacitor C1 with the resis- 
tance range of your meter. 

If the resistance is very low (less than 
about 500 ohms) then you should replace 
C1. If there is no voltage measurable bet- 
ween pins 6 and 2 of IC1 then this could be 
caused by a short circuit between the con- 
nections of C1 or by a short circuit within 
Cl or its connections to the stripboard. 

If voltage is present at pins 2 and 6 of IC1 
but it does not fluctuate then the likely 


causes are that Cl is not correctly con- 
nected, is faulty or that IC1 is faulty. To 
check Cl you should touch connect 
another capacitor of similar value across 
the connections to see if this cures the fault. 
If this does not cure the fault check that the 
connection between the positive connec- 
tion of Cl and pins 2 and 6 of IC1 is cor- 
rectly made. 


COUNTER 


If voltage switching is taking place at the 
output of IC1 then the i.c. is working cor- 
rectly and the fault is most likely to lie in 
the area of IC2 and its associated compo- 
nents. The first stage is to check that the 
power supply is correctly connected to pins 
8 and 16. In case this voltage cannot be 
measured then you should check the con- 
nections to pin 8 and 16 and ensure that the 
wire links have been correctly made. 

The next stage is to check that the clock 
pulses from pin 3 of IC1 are being correctly 
received at pin 14 of IC2. As these pulses 
are somewhat slow you may find it helpful 
to replace capacitor C1 with a lower value 
capacitor at this stage. 

If the clock pulses are being correctly 

received at pin 14 of IC2 then it is necces- 
sary to check that pin 15, the master reset 
input, is at logic 0. If a logic 1 state exists at 
this point the circuit will be locked with 
output 0) permanently in the high state. Ifa 
logic 1 state is found at pin 13 then you 
should check very carefully for solder 
bridges between pins 15 and 16 of IC2. 
If the clock pulses are being received at pin 
14 and pin 15 is in the logic 0 state, then the 
counter should advance by one for every 
clock pulse received, provided that pin 13 
(the count enable input) is in the logic 0 
state. Because this pin is connected to pin 
11 of IC2 then the counter should advance 
until pin 11 is forced to the logic 1 state. 

Now check the Logic state of pin 3, 
which should be at logic 0 (0 volts). If the 


logic state at pin 13, is logic 1 or an indeter- 


minate logic state then the connections bet- 
ween pins 13 and 11 (which is a wire link) 
should be carefully checked. 

If this connection is correct, with no acci- 
dental connection between either of these 
pins and the battery supply line, then the 
states of the output pins of IC2 should be 
checked. You should find that only one of 
the outputs (pins 1, 2,3, 4,5, 6,7,9, 10 and 
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11) should be in the logic 1 state and all 
other outputs should be in the logic 0 state. 

Immediately the device is switched on 
pin 3 should be at the logic 1 state. If this is 
not the case then the problem may possibly 
be that the master reset input (pin 15) is not 
receiving a quick reset pulse from the cir- 
cuitry made up of capacitor C2 and resistor 
R3. The connection between the battery 
supply rails and these two components as 
well as that between the junction of R3 and 
C2 and pin 15 of [C2 should be checked. 

If more than one of the outputs is in the 
logic 1 state then one must suspect that IC1 
is faulty and must be replaced. Assuming 
that the l.e.d. display board has been 
checked and connected up to the main 
board beforehand then the states of these 
outputs may be monitored by observing the 
illumination of the l.e.d.s on the display 
board to the main board. If more than one 
l.e.d. lights at the same time then the con- 
nections between the ribbon cable joining 
the display to the main stripboard should 
be carefully checked to ensure that there 
are no solder bridges between adjacent 
tracks. 


ALARM 


The final part of the project to check is 
the alarm. This is very simple since it com- 
prises a resistor, a transistor and an audible 
warning device. If the audible warning 
device does not sound when the last l.e.d. is 
illuminated then the circuitry associated 
with TR1 should be checked. 

An initial test is to short out the emitter 
and collector of TR1, with a small piece of 
wire, and see whether the audible warning 
device sounds. If this produces no effect 
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Arange of high quality kits as supplied to leading UK security companies, all 
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kits come fully documented with concise assembly and setting-up details, 
fibreglass PCB and all components. All transmitters are fully tuneable and 


then WD1 should be inspected to ensure 
that it has not been connected with the 
wrong polarity. If the polarity is correct, 
the connections from the positive power 
supply rail to WD1 and from the warning 
device to the collector of TR1 and from the 
emitter of TR1 to the strip carrying the bat- 
tery negative connection should be 
checked. 

If the audible warning device is working 
correctly then the operation of the transis- 
tor can be checked by making a temporary 
link, with IC2 removed from its socket, 
between pins 16 and 11 of IC2. This should 
produce a battery voltage measurable bet- 
ween the end of resistor R14 furthest away 
from the base of TR1 and 0 volts. If this 
does not occur then the connection bet- 
ween pin 11 and the i.c. end of R14 should 
be investigated. 

With a battery voltage present at the 
junction of resistor R14 and pin 11 of IC2,a 
voltage of approximately 0.7V should be 
measurable between the base and the emit- 
ter of transistor TR1. If no voltage is 
measurable here then the resistance of R14 
should be measured to ensure that it is 
actually acting as a resistor and not an open 
circuit. If this does not produce a resistance 
reading, close to the value specified for 
R14 and TR1 is connected the correct way 
round, then TR1 must be suspected of 
being faulty and should be replaced. 


CASE 


This project has been designed to fit inside 
a case. The first stage of preparation of the 
case is to cut, carefully, a hole in the case 
lid, the correct size to accommodate the 
l.e.d. display. This should be carefully 
measured, taking into account the need to 
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can be monitored on a normal VHF radio or tuned higher for greater security. 


Build up service available if required. 


MTX. Micro-miniature audio transmitter. 17mmx17mm. 9V operation. 1000m : 
range £12.95 a 


VT500. Hi-power audio transmitter. 250mW output. 20mm x40mm 9-12V 


operation. 2-3000m range 


VOX75. Voice activated transmitter. Variable sensitivity. 30mm x40mm. 


operation. 1000m range 


CTX900. Sub-carrier scrambled audio transmitter. Cannot be monitored without 
decoder fitted to radio. 30mm x40mm. 9V operation. 1000m range 21.95 
DSX900. Sub-carrier decoder unit for monitoring CTX900. Connects to radio 
earphone socket. Provides output for headphones. 35mm x50mm. 9-12V 


operation 


£15.95 


NEW CATALOGUE 


Over 3,000 product lines 
18.95 feature in the Summer 
1989 edition of the Cirkit 
Constructors’ Catalogue, 
available from most larger 


allow for stand-offs into which the mount- 
ing holes on the stripboard containing the 
display will fit. For this reason the position- 
ing of the display should be done with some 
care. It is also neccessary to drill a hole in 
the case lid to accommodate switch S1. 
Once the necessary holes have been drilled 
in the case lid it can then be lettered and the 
lettering protected with several layers of 
clear, spray on varnish. 

Self adhesive stand-offs should be 
mounted on the component side of the dis- 
play board and the board offered up to the 
inside of the case lid. When the display is 
correctly seated in the hole cut for it then 
the pads may be pressed firmly into place to 
hold the board in the correct position. 

Self adhesive stand-offs can also be fitted 
to the main board (with the pads on the 
track side this time). The main board can 
be offered into place and the self adhesive 
pads pressed firmly onto the bottom of the 
case to hold the stripboard into the correct 
position. The battery can now be replaced 
in the battery clips, the circuit tested and 
preset VR1 adjusted to give the correct 
timing period before finally screwing down 
the case lid. 


IN USE 


The timer is very simple to use. All that is 
neccessary to do is to operate switch S1, at 
which point D1 will come on. The remain- 
ing l.e.d.s will then come on in order, at 
approximately half minute intervals, until 
D10 is illuminated at the time that you have 
preset by adjusting VR1. When D10 comes 
on the audible warning device will sound 
and will continue to sound until S1 is 
switched off. C 
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newsagents or direct from 
the company priced at 
£1.50. The latest books, 
an RF frequency meter, 
two new PSU designs, a 
3.5MHz converter and a 2 
Watt stereo amplifier are 
among the innovative new 
kits this issue. In the test 
equipment section there’s a whole new range of multimeters, a bench 
DVM and a triple output PSU. 

For eagle-eyed readers there is the opportunity of winning an audio 
signal generator worth more than £180.00 in the latest fiendish 
competition. All prices now include VAT for quicker, easier ordering; 
and Cirkit’s same-day despatch of all orders, combined ONLY 
with value-for-money discount vouchers, makes the line-up 

even more attractive. £1.50 


HVX400. Mains powered audio transmitter. Connects directly to 240V AC supply. 
30mm x35mm. 500m range ; £18.95 
XT89. Crystal controlled audio transmitter. High performance. 100mW output. 
Supplied with xtal for 108MHz. Others available to 116MHz. 85mm x 28mm. 9V 
operation. 2-3000m range : . £36.95 
TKX900. Tracker/Bleeper transmitter. Transmits continuous stream of audio 

_ pulses. Variable tone and rate. Powerful 200mW output. 63mm x 25mm. 9V 
operation. 2-3000m range . £21. 
ATR2. Micro size telephone recording interface. Connects between telephone 
line (anywhere) and cassette recorder. Tape switches automatically with use of 
phone. All conversations recorded. Powered from line 10mmx35mm .. £12.95 
TLX700. Micro miniature telephone transmitter. Connects to line (anywhere) 
switches on and off with phone use. All conversations transmitted. 
20mm x 20mm. Powered from line 1000m range : 
XML900. RF bug detector. Variable sensitivity. Triggers LED and bleeper when in 
presence of RF field. Detects MTX 15-20 feet. 55mm x 55mm. 9V operation 





XL7000. Professional bug detector/locator. Variable sensitivity. 

segment LED readout of signal strength with variable rate bleeper. Second mode 
AUDIO CONFIRM distinguishes between localised bug transmission and normal 
legitimate signal such as pagers, cellular etc. 70mm x 100mm. 9V operation 
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.. . Disk Interfacing . . . Disk Interfacing . . . Disk Interfacing . . . Disk Interfacing . 


THINK it is true to say that the BBC 
computer has one of the better cassette 

interfaces. Having used many home com- 
puters with a variety of cassette recorders, 
the only computer in my experience that 
gives more reliable results is the Dragon 32 
(and the short lived Dragon 64 that fol- 
lowed it). An excellent but little copied fea- 
ture of the BBC cassette interface is that 
when searching for a file it tells you what 
files it has found, and it gives a progress 
report as it goes through each file. 

Once loading, if an error should occur 
you only need to wind the tape back a little 
and try again, rather than having to start 
from scratch. This makes loading programs 
and data from cassette about as painless as 
it possibly could be. 


Disk Drive 

Despite the BBC computer’s good cas- 
sette storage system, a disk drive is still a 
tremendous advantage. Apart from the 
increased convenience, a lot of the more 
sophisticated BBC software is only usable 
on a disk based system. 

This is usually due to memory restric- 
tions necessitating the use of overlays. This 
is where only part of the program is ever in 
memory. If you call up a program function 
and the relevant part of the program is not 
in memory, it is automatically loaded from 
disk and executed. Any overlay already in 
that part of memory is over-written, and 
must be reloaded from disk if it is needed 
again. 

This system is far from fast, with the 
same program sections often being loaded 
from disk time and time again. Its saving 
grace is that it enables the computer to run 
software of a complexity and sophistication 
that would otherwise be out of the ques- 
tion. 

Such a system is not really practical with 
a cassette based system since locating and 
loading the overlays would take far too 


long. A disk system can quickly locate and © 


load a file on the disk. The serial nature of a 
cassette system, plus its low loading/saving 
speed, render it far less versatile. 


Slipped Disks 

I must admit to having had my BBC 
model B computer for a number of years 
before I eventually fitted it with a disk 
interface and hooked on a twin disk drive. 
It was one of those things I had always 
meant to do, but considerable slippage 
occurred because I had gained the impres- 
sion that it was a major job that required 
the removal of the main p.c.b. plus a lot of 
intricate soldering. 

In fact the board can be left in-situ, and 
no soldering is involved. The disk interface 
socket is (of course) already present on the 
board, and it seems that the passive compo- 
nents are also ready-fitted, as are holders 
for the integrated circuits. Fitting a disk 
interface is basically just a matter of taking 
off the computer’s lid and plugging in the 
eleven missing integrated circuits. 


Everyday Electronics, October 1989 


It is a little more difficult than this in that 
the integrated circuit holders are mostly 
tucked away beneath the keyboard and 
behind the keyboard cable and connector. 
You therefore need to remove the three 
nuts and bolts that hold the keyboard in 
place so that it can be removed to give easy 
access to the holders. 

The eleven integrated circuits are as fol- 
lows:— 


IC78 8271 
IC79,IC80 7438 (2 off) 
IC81,1C86 74LS393 (2 off) 
1C82 74LS10 
1C83,1C84 4013BE (2 off) 
IC85 4020BE 

1C87 74LS123 


Acorn DFS ROM (fit in any sideways 
ROM socket). 


The integrated circuit holder indicates 
the correct orientation for each device 
(they are all fitted with pin 1 towards the 
rear of the computer). These integrated 
circuits are standard types apart from the 
8271 disk controller and the Acorn DFS 
ROM. 

The 8271 is actually obsolete and has not 
been manufactured for some years, but it is 
still available. Like all disk controller chips 
it is a complex device, and is not exactly 
cheap. In fact this component accounts for 
what is probably about 75 per cent of the 
disk interface’s cost! The Acorn DFS ROM 
seems to be available from the usual stoc- 
kists of Beeb bits and pieces. 

There are actually alternative DFS 
ROMs that can be used, such as the popu- 
lar Watford type (which is the type I fitted). 
The real Acorn ROM is the safest option 
though, and all disk software should run 
without difficulty using this chip. Compar- 
ing the prices of sets of components bought 
individually with the cost of complete DFS 
kits, a kit represents a more convenient 
way of buying the components, and could 
be cheaper as well. 


Complications 

In order to get the disk interface to oper- 
ate properly there are one or two minor 
details to be attended to. Just what you 
need to do depends on the issue number of 
the board in your computer. My Beeb has 
an issue 4 board, which is probably the 
most common type. On issue 4 (or higher) 
types you only need to locate and cut link 
S9 on the board. This link is about 2.5cm to 
the left of pin 1 on the 8271 chip (IC78). 

On issue 1, 2, and 3 boards matters are 
slightly less straightforward. The track run- 
ning from IC27 pin 9 to the right hand pad 
of link S9 has to be cut. Then pin 9 of IC27 
has to be cut as close to the board as possi- 
ble, and lifted upwards slightly so that it is 
clear of the board. Thin insulated connect- 
ing wire is then used to connect IC27 pin 9 
to the right hand pad of link S9! This may 
sound a bit odd, but I am assured that this is 


the correct procedure. Presumably this 
process gets rid of one or two unwanted 
connections to IC27 pin 9. 

Note that this modification assumes that 
the computer is a model B (not a model A) 
and that it is fitted with a series 1 operating 
system. Model A and early model B com- 
puters require a small amount of updating 
before they can take this modification. If 
you have one of the few machines in these 
categories it would probably be as well to 
get an authorised dealer to fit the disk 
interface and check that everything is as it 
should be. 

Incidentally, this upgrade equips the 
computer with the standard (single 
density) DFS, not the more advanced 
ADFS type. However, for most purposes 
the DFS interface should be perfectly satis- 
factory. 


Optimising 

On the BBC keyboard p.c.b., about Scm 
to the right of the spacebar, there is provi- 
sion for an octal d.i.p. switch or link wires 
to be fitted. These control a few start-up 
options, one of which pertains to the disk 
drives. 

Switch 1 selects the master filing system 
if the DNFS ROM is fitted. Normally this 
switch is set to the open position, but clos- 
ing it selects the econet system (if fitted). 
Switch 2 is unused. 

Switches 3 and 4 are used to select a DFS 
operating speed to match the disk drives. 
The table below shows the effect of the four 
switch setting combinations. 


Head Head Head 
Switch Switch Settle Step Load. 


3 4 Time Time Delay 
Closed Closed 16 4 0 
Closed Open 16 6 0 
Open Closed S50 6 32 
Open Open 20 24 64 


The original Acorn drives were quite 
slow, and require the default setting of 
both switches/links open. Most modern 
drives, including the popular Mitsubishi 
and current Tandon drives, require the fas- 
test speed (both switches/links closed). 

If in doubt, using the default settings 
seems to give satisfactory results with fast 
or slow drives, but will give less than 
optimum performance with fast drives. A 
little trial and error is perhaps the best way 
of finding the best settings in the absence of 
any definite information on your drive or 
drives. 

An auto-boot option is provided by 
switch 5. This is not normally needed, and 
this switch is usually set to the open posi- 
tion. Pressing SHIFT-BREAK then pro- 
duces an auto-boot. Switches 6, 7, and 8 
select the initial screen mode. All switches 
closed selects mode 0, running through to 
mode 7 with all switches open. Note that all 
these functions are under software control 


673 


via the *FX255 operating system com- 
mand. 


Connections 

One reason for the success of the BBC 
computers is that, unlike many home com- 
puters of the early eighties, they use mainly 
standard interfaces. The disk interface is of 
the standard type, with a 34-way IDC soc- 
ket at the computer end which connects to 
a 34-way edge connector at the disk drive. 
There are a lot of BBC compatible drives 
available, including some inexpensive 
types suitable for the DIY enthusiast. 5.25 
inch drives are probably the best choice as 
most BBC disk software is on disks of this 
size. 

The BBC computer will work with 40 or 
80-track drives, single or double sided. 
Double sided 40-track drives are a safe 
option and are quite abundant. If you get 
80-track drives it is advisable to buy a type 
that can be switched to 40-track operation 
so that they can read any software supplied 
only in 40-track format. 

Using a 34-way IDC connector, a 34-way 
(2 X 17 way 0.1 inch pitch) IDC edge con- 
nector, and about 0.6 metres of 34-way rib- 
bon cable it is not too difficult to put 
together your own cable. The main point to 
watch is that you do not get the connections 
crossed over. Pin 1 of the BBC computer’s 
disk connector is at the top left hand corner 
when looking onto this port from the front 
of the computer. Pin 1 should be marked 
on the male edge connector of the disk 
drive. 

For a twin drive system two edge connec- 
tors must be fitted to the cable. The first is 
fitted at the end of the cable in the usual 
way, while the second is fitted the same 
way round and about 100 millimetres in 
from the end of the cable. This assumes 
that the two drives will be fitted in the same 
case stacked one above the other. Diffe- 
rent mounting arrangements could require 
greater separation between the two edge 
connectors. 


Power 

The power port of the BBC computer is 
designed primarily for powering a disk 
drive, although many users prefer disk 
drives which have their own mains power 
supply. This leaves the computer with 
plenty of spare capacity to power other 
add-ons and add-ins. Also, the power port 
of the computer is only guaranteed to be 
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Disk Drive Power Con. 


Fig. 1. Details of the BBC’s power port and the standard five-way connector used on 


disk drives. 


able to power one disk drive, but many 
users wish to fit two drives (the power port 
can in fact power twin drives, but only if 
they are both low consumption types). 

Anyway, Fig. 1 gives details of the BBC 
computer’s power port and the standard 
five way connector used on disk drives. 
Unfortunately, both types of plug are dif- 
ficult to obtain, but you might be able to 
obtain them from one of the larger Acorn 
stockists. Alternatively, ready made BBC 
disk drive power cables are readily availa- 
ble, as are the main disk drive cables. 


Drive Settings 

In books and articles on disk drives it is 
normal to refer readers to the information 
leaflet for their drives in order to get infor- 
mation on the correct settings for the 
jumper leads. I have bought about half a 
dozen ‘‘bare’’ drives over the years, and in 
my experience disk drives are simply not 
supplied with any technical information. 
With luck you might be able to squeeze 
some out of your supplier. 

The main thing to get right is the drive 
number setting. Usually there are jumper 
terminals marked something like “DS0’’, 
“DS1’’, ““DS2’’, and ““DS3”’, which are the 
drive select terminals. If you only have one 
drive, then this should have the ““DSO”’ ter- 
minals linked with a jumper. If it is a double 
sided drive, then its two sides are effec- 
tively drives 0 and 2. 

If a second drive is fitted, this should 
have the “‘DS1”’ terminals linked. It then 
effectively drives 1 and 3 if it is a double 
sided type. If you are using single-sided 
drives, it is ==. to have four of them 
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acting as drives 0 to 3 by linking a different 
set of drive select terminals on each drive. 

Other terminals that are usually found 
on a disk drive are the ““MUX”’ (or just 
“MX’’), “MS”, and “HM” types. The 
“MUX” (multiplex) terminals are linked if 
only a single drive is used. ““HM” (head 
motor) are always left open, and “HS” 
(head select) are always fitted with a 
jumper. There may well be several other 
pairs of terminals, but you can usually get 
away with simply leaving these at their 
default settings. 


Termination Resistors 

One further complication is that disk 
drives are fitted with termination resistors 
of about 150 ohms in value that can be 
switched in or out of circuit (or fitted/ 
unplugged in some cases). The idea is that 
these resistors should only be in-circuit on 
the drive at the end of the cable. With a 


_ single drive, these resistors should there- 


fore be in-circuit. With a twin drive system 
they should be in-circuit on the drive at the 
end of the cable, and out of circuit on the 
other drive. 

On my Mitsubishi drives these resistors 
are in the form of an octal 150 ohm resistor 
in a standard 16 pin d.i.l. encapsulation. 
This is fitted in its socket or unplugged, as 
required. 

I must admit that I only recently learned 
about the use of termination resistors in 
disk drives. I have been using twin drives 
with both of them fitted with the termina- 
tion resistors. Although technically incor- 
rect, the drives have worked faultlessly for 
about four years! 
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£9.99 
BATTERY TESTER 


A compact dry cell battery tester capable 
of testing 15 voltage/battery types from 
1.35V hearing aid batteries to 22.5V 
batteries. Test leads store in rear of case. 
Packed on attractive display card. 

Dims.: 105X64X32mm 
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FM TRANSMITTER 
Very High Quality ‘MINI-BUG’ — Ideal for Baby Alarm etc.!! 










SOLDER 60/40 
















£5.75 ALSO 18swg 
VERO — VERO — VERO 


Dimensns: 4.25”X2.25" 0.75" 
Order Code — S0/034 


OSCILLOSCOPES 


TEKTRONIX D755 — 50 meg solid state 
Carriage £10.00 


VIDEO LEAD KITA 


1 lead BNC to phono (1 
metre in length), 1 lead 5 
pin DIN 180° to phono (1 
metre in length). Originally 
intended for Ferg. 3V23, 
3V29, 3V30, JVC HR 7700E 
etc, etc. Many other 


£9.98 
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Price incl. VAT £295 
LOGIC PROBE 


Simple to use - good quality - logic probe. Displays the logic 
state of each gate of TIL, C-MOS, etc. devices. Logic state 
displayed in light and sound. Pulse enlargement capability 
allows pulse detection down to 25nsec. 
Supplied complete with comprehensive instruction manual. 
Specification: 
Working voltage — 4-16dc. 
Thresholds: HI - 70%; LO - 30%Vec 
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ATTENTION RETAILERS — Trade prices 
available on full Vero range —minimum 
order £25 


12V RECHARGEABLE UNIT 
10 x D x Size Ni-Cads (4 ah) 


encapsulated in a black case. Fuse 
holder. Gives 12 volt output when 











































(0902) 22039 



































Prices £160 
1xCAMERA 
1xCAMERA. 1xMONITOR '2o Cver 


new 
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“£12.00 carriage 


12V Twin Fluorescent lamp 12” Double Tubes 
IDEAL FOR BOATS, CARAVANS, VANS, ETC 













COMPLETE | 


WITH LENSE USED 


@ ALSO NEW EQUIPMENT AVAILABLE 


£5.99 ca 





* BE CREATIVE « RAISE YOUR SKILLS x GET KITTED! «x 
COMPUTER KITS 


The software listings published with the computer kit 
projects are for use with C64, PET and BBC computers. 


CHIP TESTER SET258F £41.50 
Computer controlled logic and chip analyser. 


EPROM PROGRAMMER SET277 £26.20 


2Y-amps, 6 ranges, variable level, DC to over 1MHz. 4 
modes — Y1, Y2, Y1 & Y2, Y1 & Y2 to X. Time base 
variable from 0.05Hz to 20KHz. Variable sync level, 
polarity and source. Separate bright-line, brilliance and 
focus controls. Independent trace deflection controls. 
Details in catalogue. 


BURGLAR ALARM 
CONTROLLERS 


MULTIZONE CONTROL 
SET280 £23.90 


Two entry-zones, anti-tamper loop, personal attack, entry- 
exit timing, timed duration, automatic resetting, latching 
LED monitors. 


SINGLE ZONE CONTROL 
SET279 £10.50 


Computer controlled unit for 4K Eproms. 
MICRO-CHAT SET276 ~ £69.50 
Computer controlled speech synthesiser. 
MICRO-SCOPE SET247 £49.50 
Turns a computer into an oscilloscope. 
MICRO-TUNER SET257 £57.40 
Computer controlled, tuning aid and freq counter. 
MORSE DECODER SET269 £26.70 
Computer controlled morse code-decoder. 


MORE KITS IN CATALOGUE 
SEND MEDIUM S.A.E. FOR CATALOGUE AND 
WITH ALL ENQUIRIES 
(OVERSEAS SEND £1.00 TO COVER POSTAGE) 


VARIOUS 
VOICE SCRAMBLER SET287 £49.50 


32 switchable channels to keep your communications 


confidential. 
STORMS! £35.50 each unit 


Raw nature under panel control! Wind & Rain SET250W. 


AIM ANIREC 
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ELECTRONIC COMPONENTS & EQUIPMENT 


THE MALTINGS, HIGH STREET, WEM, 


‘SHROPSHIRE SY4 5EN, DEPT'EE10 
Tel: 0939 32763 Telex 35565 Fax 33800 


Electronic Component Mail Order Company — Established 1972 
217 PAGE CATALOGUE AVAILABLE — SEND £1 FOR YOUR COPY 
Including Discount Tickets — 50p off £5+ order; £1 off £10+ order; £5 off £50+ order. 


jx Please add £1.00 postage and packing to all orders unless stated. >& 
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* 
A id is obtainable— weh btained Ya mile, * + 
bat does depen encontions Simpy rma cover A 500g reel of 22 ewg {| om ; MARCO TRADING’SLATEST ~—; 
i —and 4 3 
eee, os: poSamde hei yy radio. 60% tin, 40% alloy . 21 7 PAGE CATALOG U E * 
F : 105-109 MHz F.M. non-corrosive. 
Power: PP3 9V Battery bot included) 4 NOW READY ONLY £1 = 
* 
* 
# 


* FULL OF CMOS, TRANSISTORS, LS, ICS, DIODES, 

+ BRIDGES, VALVES, RESISTORS, BOXES, BOOKS, 

* SOLDERING TOOLS, TEST GEAR, METERS, CABLE, 
* KITS, SPEAKERS, AERIALS, AUDIO ETC, ETC, AND 
% INCLUDING £6.50 OFF IN DISCOUNT TICKETS WITH 
+ SPECIAL OFFER LIST, PREPAID ENVELOPE AND 
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VISIT OUR RETAIL SHOPS 


WEM (MARCO), The Maltings, High St., (0939) 32763 
WOLVERHAMPTON (WALTONS), 55A Worcester St. 






ATTRACTIVE WHITE 
FITTING, RIBBED 
PERSPEX DIFFUSER, 
ON/OFF SWITCH, 

3ft CABLE, TRANSISTORISED 
CIRCUITRY, KEYHOLE FIXING. 
12V D.C. 8W TUBES 
CH 368x67x43mm 


With timed duration control and latching LED monitor. 
Both units can be used with any standard detection 
devices, such as contact or magnetic switches, pressure 
pads, tremblers, ultrasonics, infrared etc., and will 
activate standard bells, strobes or sirens. 


Thunder & Lightning SET250T. 
DISCO-LIGHTS SET245F £69.50 
£36.60 


3 chan sound to wR chasers, auto level. 


EVENT COUNTER SET278 


4-digit display counting for any logic source. 
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MAIL ORDER 
WHOLESALE 
RETAIL 
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See eTeTeCC TSC CSCC LSC Le S| 


lications. . h d, Ex-equi t. Full 
Prive: £1.99 each Input Impedance: 1 Mohm Price guaranteed, penis 246 x 75 xX BIRMINGHAM (SUPERTRONICS), 65 Hurst Street (021) 666 6504 
10+ £1.50 each Max. input f : 20MH mm. 
ey Order Code "TEST/LOGIC £9.90 £9.19 each + P&P £1.85 NI-CAD BATTERY CHARGER ee eeeeeeeeaeeaars « \ ei Ps 
£8.34 for 10 + P&P £4.50 Universal 1+ 4.00 eteh . 
’ .75 eac 
“CLOSED-CIRCUIT” TELEVISION SYSTEM | CHARGER FOR 12V UNIT £11.50 4x AACharger —-£495each | NI-CAD RECHARGEABLE 
COMPRISING: BATTERIES 





QUARTZ- 10 off 


HALOGEN 
SPOTLIGHT 











£3.50 each, 3 for £10 
WHILE STOCKS LAST 








PE FREQUENCY COUNTER 
AND GENERATOR 
DETAILS IN CATALOGUE 


ENVIRONMENT 
SIDEREAL CLOCK SET295_—s £54.50 


Dual purpose star-time and solar-time digital clock with 
alarm. 


WEATHER CENTRE ' 

Keep the Met Office in check and monitor the wind speed 
and direction, rain, temperature, soil moisture and sunny 
days. 

Six detector circuits — KIT 275.1 

Automatic metered control monitor — KIT 275.2 


£18.50 


£41.50 


Optional computer control circuit — KIT 275.3 £15.50 


ELECTRONIC BAROMETER 
SET285 £41.20 


Computer controlled unit for monitoring atmospheric 


pressure. 
GEIGER COUNTER SET264 £65.50 
A nuclear radiation detector for environmental and 
geological monitoring. With built in speaker, meter and 


digital output. This project was demonstrated on BBC TV. 


ORDERING 


Add 15% VAT. Add P&P — Sets over £50 add £3.00. 
Others add £2.00. Overseas P&P ‘in catalogue. Text 
photocopies - Oscilloscope £3.00, Geiger £3.00, 
Weather £2.00, others £1.00, plus 50p post or large 
SAE. insurance 50p per £50. MAIL ORDER, CWO, CHQ, 
PO, ACCESS VISA. Ti orders: Mon-Fri, 9am — 
6pm. 0689 37821. (Usually answering machine). 


MORE KITS IN CATALOGUE 





















MAIL ORDER 


PHONOSONICS, DEPT EE90, 8 FINUCANE DRIVE, ORPINGTON, KENT, BR5 4ED. 
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With the start of a new school term it 
is again time to see what is on the mar- 
ket. As usual every effort is made to 
ensure that the information is accurate 
but the prices (quoted ex-VAT) are 
approximate and most companies offer 
education discounts so it is best to 
check with suppliers for exact prices. 


ARMS 

Armdroid HS 1B (Hasfield Systems) 
5-axis plus gripper, servo-driven with 
steel-reinforced belt transmission. Lift 
250gms, Control by BBCs, Commo- 
dores and IBM. £750. 

Alfred (Research Development 
Associates) 5-axis plus gripper, servo- 
driven with toothed belts, lift 170gms. 
Has work cell. Between £200 and £250. 

Atlas Il (LJ Technical Systems) 5-axis 
plus gripper, stepper driven’ with 
toothed belts. Lift 1kg. On-board micro 
and teach pendant for stand-alone sys- 
tem. Wide range of operating software. 
Controllable from BBC and IBM com- 
patible machines. Work cell available. 
Arm costs £3,300, IBM interface £350. 

Beasty Plus arm (Commotion) 3-axis 
plus gripper, servo-driven, lift 75gms. 
Supplied with kit and instructions on 
how to build four different configura- 
tions and comprehensive user guide. 
Kit costs £120 and £35 for interface. 

Cyber 310 (Computer Voice) 5-axis 
plus gripper, stepper driven with belt 
and cable transmission. Lift 250gms. 
Software for all usual micros. Staged a 
recovery in last year and now has a 
work cell. £700. 

ESA 1010 (Feedback Instruments) 4- 
axis plus gripper. Updated version of 
Powertran’s Armatrol. Only machine 
able to work off the ZX81 as well as 
most of the other micros. £1,100. 

EMU (LJ Technical Systems) 4-axis 
plus gripper, servo-driven with direct 
mechanical linkages, lift 100gms, 
software for BBC and LJ’s Emma. £425, 
workcell extra. 

HRA 934 (Feedback Instruments) 5- 
axis plus gripper, hydraulically pow- 


Kestral from Cybernetic 
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ered. Lift 2.5kgs. On-board processor 
and can be controlled by BBC, Apple, 
C64. £3,200. 

MA 2000 (Tecquipment) 6-axis plus 
gripper, servo-driven with toothed belt 
transmission, pneumatic gripper. Lift 
1kg. Software for BBC and Open Univer- 
sity’s Hektor, was developed for Open 
University courses. Gripper is fitted to 
take pneumatic tools and wired for sen- 
sors. Can be linked with the MA 3000 
more robust industrial version. Sells at 
£5,500 for export including basis 
software, discounts available for UK. 

MA 3000 (Tecquipment) 5-axis arm 
plus gripper. Larger but simpler version 
of MA 2000. Can be linked with MA 2000 
as part of system. £10,750. 

MARS (Research Development 
Associates) Also known as Modular 
Automation Robot System. Modules 
can be fitted together in a number of 
ways including normal 5-axis arm and 
SCARA. Servo-driven can lift 1kg. Uses 
same on-board processor as Alfred and 
can be controlled by most of the popu- 
lar micros except Atari. £2,400. Larger 
industrial version developed recently 
costing £4,000. 

Mentor (Cybernetic Applications) 5- 
axis plus gripper. Servo-driven, lift 1kg. 
Can be controlled by small-scale model 
simulator. Software for BBC, IBM and 
Apple. Can be networked with up to 
three other Cybernetic machines and 
work cell. £900. 

Naiad (Cybernetic Applications) 5- 
axis plus gripper, lift 500gms, powered 
by hydraulics (water). All axes driven by 
different kinds of hydraulic piston, all 
cylinders made of see-through plastic. 
Gripper can be powered by hydraulic 
system or pneumatic piston for which 
supply provided at extra cost. 

As with Mentor can be controlled by 
simulator and networked with up to 
three other Cybernetic machines and 
work cell. Software for BBC, IBM and 
Apple. £1,750. 

Neptune | (Cybernetic Applications) 
5-axis arm plus gripper. Electro-hyd- 


Hasfield Armdroid HS1B 
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raulically powered (water) lift 2.5kgs. 
Software for BBC, IBM and Apple and 
on-board processor. As with Mentor 
can be controlled by simulator and net- 
worked with up to three other Cyberne- 
tic machines and work cell. £4,040. 

Neptune II (Cybernetic Applications) 
6-axis plus gripper. Rest of specifica- 
tions same as for Neptune | with addi- 
tion that it can be controlled by touch 
sensors on all axes. £5,490. 

Robotarm (Logotron and Resource) 
5-axis plus gripper, bucket or magnet 
pick up, servo-driven, battery-powered 
and has two standard Atari joystick 
ports for control. Sold as educational 
package with interface for BBC. £99.95. 

Teach robot (Remcon Microelec- 
tronic) 5-axis plus gripper, lift 200gms. 
Four of axes driven by linear rams, feed- 
back by shaft encoders on motors. 
Available with software and interface 
for IBM and compatibles. £995. 


SCARA ARMS 

IVAX 901 (Feedback Instruments) 4- 
axis plus pneumatic gripper, servo-dri- 
ven, lift 5|00gms, software for on-board 
processor, IBM, BBC and Apple. Work 
cell available. £3,600. 

PW801 (Feedback Instruments) 4- 
axis plus gripper, servos on all axes 
except end rotation which has a stepper 
motor, lift 2kgs. Software for IBM and 
Apricot. Work cell available, inter- 
changeable gripper jaws. £7,350. 

RTX (UM) 6-axis plus gripper, servo- 
driven, lift 4kgs, software for IBM. 
£7,480. 

RTX 100 (UMI) More robust version of 
RTX, intended for light industry. £9,100. 

Serpent | (Cybernetic Applications) 4- 
axis plus gripper, servo-driven with 
pneumatic power for vertical move- 
ment of gripper, height of arm set man- 
ually, software for BBC, IBM and Apple. 
Can be networked with up to three other 
Cybernetic machines and work cell. 
£2,700. 

Serpent II (Cybernetic Applications). 
Same as above except that it has longer 
reach. £2,735. 


Others 

Kestrel (Cybernetic Applications). 
Gantry supported arm with 4-axes plus 
gripper, stepper driven, works in x, y 
and z co-ordinates, lift 2kgs, vacuum or 
two-fingered pneumatic — gripper. 
Software for IBM, can network with up 
to three other Cybernetic machines and 
work cell. £4,250. 


MOBILES 

Jessop Turtle (Jessop Microelec- 
tronics) also known as the Edinburgh 
Turtle, it looks like an upturned mixing 
bowl, one of the earliest turtles control- 
led by a version of Logo. Powered by 
servos with optical encoders, includes 
pen. Linked to computer by umbilical 
cord. Software for BBC, Apple RML and 
IBM. £220. 

Lego Buggy (Lego and Resource) 
Two-wheeled servo-driven, built from 
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Lego kit with Resource control board 
attached. Maze following, detecting 
obstacles, speed control and bar code 
reading can be done. Software in Buggy 
Basic, Control and Control IT. £30 for 
buggy alone, £50 for control board. 

Roamer (Valiant Technology) Two- 
wheeled, servo-driven, stand-alone 
mobile, uses Logo-like language with 
instructions entered by keypad on top 
of the Smartie-shaped machine. Pen 
holder. Can be customised with the kits 
supplied. £90 retail, £70 educational. 

Trekker (Clywd Technics) Two- 
wheeled servo-driven. Developed by 
children at North Wales secondary 
school and given extensive in-house 
testing before being put on market with 
substantial software and documenta- 
tion. Software for BBC and Commo- 
dores and extension pack for junior 
schools. £180. 

Valiant Turtle (Valiant Technology). 
Two-wheeled servo-driven with pen, 
remote-controlled via infra-red link, 
designed to resemble a turtle. Uses ver- 
sion of Logo and software for BBC, 
Apple, IBM. Microworlds being created 
in which it can be used. £300 retail, £250 
educational. 


HEROS 

- Hero 2000 (Maplin Professional 
Supplies) is the only one left of the 
range which used to include Hero | and 
Hero Junior. Large mobile. Has light, 
sound and motion detectors, rangefin- 
der and speech. 5-axis arm driven by 
stepper motors, lift 1lb. Gripper has 
touch sensor to adjust gripping force. 
Easily built and dismantled to show 
how it works. £2,500 in kit. 


ADDRESSES 


Clwyd Technics, Antelope Industrial 
Estate, Rhydynwyn near Mold, Clwyd. 
Commotion, 241 Green Street, 


Enfield, Middlesex EN3 7TD 

Computer Voice, Cherry Trees, Mil- 
wich, Stafford ST18 OEG. 

Cybernetic Applications, West Port- 
way Industrial Estate, Andover, Hamp- 


shire SP10 3LF. 

Feedback Instruments, Park Road, 
Crowborough, East Sussex TN6 20R. 

Hasfield Systems, The Old Rectory 
Stables, Hasfield, Gloucester GL19 4LG. 

Jessop Microelectronics, Unit 6A, 3 
Long Street, London E2 8HJ. 

Logotron, Dales Brewery, Gwydir 
Street, Cambridge. 

LJ Technical Systems, Francis Way, 
Bowthorpe Industrial Estate, Norwich. 


KITS 

Numerous suppliers provide collec- 
tions of components including motors 
which can be used to build robotic mod- 
els. However, only Fischertechnik, 
Lego, Tribotics and Stevenage Adven- 
ture Workpacks provide kits which can 
be linked to a computer. 

Fischertechnik was first in the market 
with its computing kits including d.c. 
motors, potentiometers, switches plus 
a large collection of parts for a variety of 
models including plans for two arms. 
The plans have been recently expanded 
to include a number of other models 
including a simulation of a welder. 

Lego with Technic series includes kits 
from which an arm, a plotter and a 


Maplin Professional Systems, 
PO Box 77, Rayleigh, Essex. 

Remcon Microelectronic, PO Box 81, 
Chislehurst, Kent BR7 6LP. 

Research Development Associates, 
BTC, Bessemer Drive, Stevenage, 
Hertfordshire. 

Resource, Exeter Road, off Coventry 
Grove, Doncaster DN2 4PY. 

Stevenage Adventure Workpacks, 
29 Lytton Fields, Knebworth, Herts 
SG3 6BA. 

Tecquipment, Bonsall Street, Long 
Eaton, Nottingham NG10 2AN. 

Tribotics, 27 Crawley Mill Industrial 
Estate, Witney, Oxfordshire. 

UMI, UMI House, 9-15 St James Road, 
Surbiton, Surrey. 

Valiant Technology, Gulf House, 
370 York Road, Wandsworth, London 
SW18 1SP. 





buggy can be made. Servos with optical 
encoders are available as are programs 
and an interface forthe BBC and a bat- 
tery-powered controller. Special kits 
and packages for schools. 

Tribotics provides a_ larger-scale 
series of models based around drain- 
piping. Variety of devices including an 
arm, mobile with caterpillar tracks and 
walking robot. 

Stevenage Workpacks provide kits of 
varying complexity. Some only include 
the electronics and mechanics with 
templates from which the wooden com- 
ponents can be made. £500. 

Prices of all the kits vary and it is best 
to enquire what each pack contains at 
the different price levels. 














































































cae NEW PRODUCT! 
74HCO00 19p 74HC02 19p 74HC03 199 [>t BAENQA OK 
74HC0419p  74HCO819p = 74HC1019p Ja Be MSae™ 
FOR THE 48K ZX SPECTRUM 74HC1126p  (74HC1439p = 74HC 2019p [amex renew MO 
: : : 74HC27 31p 74HC30 35p 74HC7436p | RE Hee7 es in 
Now you can produce high quality printed circuit Pernee sen. TARAGT ECD * TAOS io ke wt Oe 
boards/circuit diagrams/component layouts Pe se beget venatge: Ga ates 
8 P 2 y oem 74LS series ICs ae ae ee 
your 48K ZX Spectrum. If you don’t own one it’s 74LS0020p -74LS0220p = 74LS0520p [Summ zeSerg <a 
h ; ; pea ' 74LS3020p - 74LS3220p «= 74LS5120p [fm . ae Sse a 
worth getting one just for this suite of programs! 74L$9030p _74LS9330p = 74LS10723p Jn S FORO aS 
Comprehensive manual included with getting started tutorial. Upee dot, oe aria sn ly rs Su sar" Asso 
p p P loenK 4 O° z 
FULL SUITE FOR ONLY £30.00 INC. 74LS24558p — 74LS37452p = 7ALSB7SE4D [EG * BASS wad 
o one & 

PCB LAYOUT: —// o Tf cfm 74F series ICs Zee "ps: SESS 
pee ory prises sees Gioetty from your o o- 74F00 32p 74F02 32p 74F6492p 19% 2 Ss Swe 
or compatible dot matrix printer O-9 + ® KAOB 

using a dense 1:1 beisioom On positive phokaresiat Rae 8 oy up ie - yi cae eo Mar ee 
coated board. Or super quality using x2 printout RT p . Sa Bo eg ms 
_ a ignoa  a erg features such as 15 track , YA ECL series ICs mo 2 wp & rd ° & 
widths; ad sizes; transistor/ic/corners; 20 o * Sil 
connectors; Vane multiscreen WYSIWYG display rS) —Y pete? 198 ie 19 hints N15 1g2° Ree “Boo 
gives a clear uncluttered view of pads, tracks and 10104 1.15 10124 3.68 10125 3.68 cs. oO cf 5 o 4 nk 
esha nine oy perl ay eae J K Fi (“4 A wide range of components and TTL, CMOS and |= 2" Sou ©5 9 
plans); previbt: Guidéd dimenionaly. weouaie’ <a ue ECL ICs are available. We also supply PC, XT and Jos Pace 5°RS 
printer routine with quick print; 1:1 or 2:1 dumps. aye cay - AT spares at LOW PRICES. Write or phone for our Jako Suwa NBO 
Custom pad design and library. ] FREE catalogue. ae ‘ 7 4 wf o° 

b ing 

COMPONENT LAYOUT Resistors at bulk prices Your Mix cre 292 Bose 
Draw component layouts directly or from existing Carbon film, 0.25W, 5% 1p each or 45p for 50 1278 Foy 5 
pcb layouts using a unique track reducing facility. Metal film, 0.25W, 1% 3p each or £1.35 for 50 [SoG a OS 
The following components are provided: resistors, re FS 30¢ 
capacitors, ics, diodes, transistors, line drawing, VC sockets, solder type (pin:price) ° SBS 9 Ge 
printout and block commands as above. 14:10p, 16:11p, 20:14p, 24(0.6 of 0.3):16p. | ZL x 4 fg 
CIRCUIT DI AGRAMS VC sockets with 0.1uF decoupler S a, oa Sm "s 
beige — to the above programs with a lib- 14:60p, 16:65p. < & xa 8 S's 
rary of electronic symbols including resistors, ABOVE LAYOUTS ACTUALLY Prototyping boards (Vero £8 22 2505 
capacitors, diodes, transistors, fets, op amp, PRODUCED ONTHIS PACKAGE = OM ir £45.00, IBM AT £52.00] “~ “° ®°97° 


















switches, inductors, logic gates. 


Version now available for EE Centronics Interface—see Jan issue. 
State version required from: Disciple/+D; Discovery; +3; Microd- 
rive & Tape. Important! Tape and Microdrive users please state 
Centronics interface in use. 


An exceptional package which can be very highly recommended. Offers many of the 
features which would be expected of packages which cost ten times the wear y of 
— EVERYDAY ELECTRONICS 


KEMS OF T THE WOODLANDS, KEMPSEY, 


WORCESTER WRS 3NB. Tel. 0905 821088 after 6 p.m. 





SPECIAL OFFER! 


COMPUTER BITS 
ages offer! Floppy drive clean- 


ACCESS welcome by post or phone. Callers by 
appointment please. VAT INCLUDED. Please add 
50p for post and packing. Catalogue free. No min- 
imum order charge. 


BLACKMORE ELECTRONICS LTD. 
FREEPOST, Blandford Forum 
Dorset 0T11 7BR 


LOW PRICES! 





















SB 0258 451347 (24hr answerphone) FAS 
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DOWN 10 


EARN 


BY GEORGE HYLTON 
ee 


Say 
Vv 


SKIN EFFECT 

T THE instant when an electrical 
Ascircuit is energised, does current 
begin to flow through the centres of 
the wires, or do the outside layers of 
the wire conduct first, or does the 
entire mass of metal in the wire carry 
current right from the start? 

The question may seem purely aca- 
demic. | have to admit that, when | first 
came across it, | was reminded of 
medieval theologians asking how 
many angels can dance on the point of 
a pin. However, the pioneer electrical 
engineers who asked it had good 
reason to want to know. They realised 
that it had a bearing on the behaviour 
of telegraph lines and cables. 

The answer is that current starts to 
flow in the first outer layers of the wire. 
| can’t remember who first produced 
convincing reasons for thinking so, and 
as | write this I’m far from home or 
libraries, but | have a feeling it may 
have been Heaviside. 

Whoever it was, the consequences 
for the radio engineer are anything but 
academic. Because the current starts 
on the outside and works its way 
inwards, the resistance of the wire is 
not constant but increases with fre- 
quency. 

The reason for this stems from the 
fact that when two conductors are 
parallel, a change in current in one of 
them tries to cause a current to flow in 
the other. If it can actually flow, this 
induced current is in the opposite 
direction to the primary current. 





A solid wire can be thought of as 


made up of many smaller parallel 
wires. A change of current in any of 
these tends to create an opposing 
current in its neighbours. In Fig. 1, if A 
_ is the outermost layer of a conductor 
and carries a current in the direction 
shown, any change in current tries to 
force an opposing current through the 
next inner layer B. Switching on a 
current is itself a change, so the effect 
occurs even in d.c. circuits. 

In time, the temporary opposition is 
overcome, and A and B conduct in the 
same direction. This combined current 
tries to produce a reverse flow in layer 
C. When this opposition dies away, 
layer D replaces C, and so on, layer by 
layer until, in the end, all layers con- 
duct in the same way. 
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This process of filling up the wire 
with current is very rapid. But it is not 
instantaneous. It takes time to com- 
plete. In an a.c. circuit, the current 
keeps reversing. So there may not be 
time. Reversal may take place before 
the middle of a wire is fully conducting. 
The higher the frequency the less com- 
plete is the conduction. At extremely 
high frequencies current never pen- 
etrates deeper than the outermost 
layers, the “skin” of the wire. For this 
reason the behaviour is~called skin 
effect. 


SKIN DEPTH 


If only the skin conducts, the rest of 
the wire may as well not be there. At 
high frequencies a hollow tube would 
be just as good as a solid wire. The 
effective resistance of the solid wire is 
the resistance of the tube, which is 
clearly higher than the d.c. resistance 
of the wire since there’s less metal to 
act as a conductor. The high-frequency 
resistance of a wire is greater than the 
low-frequency resistance. 





Fig. 1. Cross section through wire. 
When current starts to flow in A as 
shown an induced current tends to 
flow in the opposite direction in layer 
B, and so on. 


(a) 


Of course, a solid wire isn’t really 
made up of separate layers, so the skin 
effect is not clear-cut but blurred. High- 
frequency current doesn’t just pen- 
etrate to a fixed depth beyond which 
no current fows at all. What happens in 
real life is that as you move from the 
outside towards the centre of a wire 
you encounter less and less high fre- 
quency current, though there’s always 
some Current, even right at the centre. 
When radio engineers talk of the “skin 
depth”, they mean the depth at which 
the current has fallen to a particular 


3dB BANOWIDTH 
L4 C1 
; fo 


fraction of the outer current (actually to 
1/e of the outer current where e is the 
same number as the base of natural 
logarithms. 


REDUCING RESISTANCE 


Skin effect is important to the design 
of inductors. In radio, the goodness of 
an inductor is often expressed as a 
quality factor or Q-factor for short. 
When the inductor is used in a parallel- 
tuned LC circuit (Fig. 2a) the selectivity 
is high when the Q-factor is high. The 
usual yardstick for selectivity is the 3dB 
bandwidth (Fig.2b) that is the interval 
between the two frequencies where 
the response falls by 3dB (by about 30 
per cent). Obviously, 3dB isn’t much of 
a reduction, but it gives an easily 
computed figure. If the peak frequency 
is f,, then the 3dB bandwidth is f,/OQ. So 
if an LC circuit tuned to 450kHz has a QO 
of 45 then 3dB bandwidth is 10kHz. 

Now, Q goes down as the hf. resis- 
tance goes up. If one coil has a resis- 
tance of 1 ohm and another, otherwise 
identical coil has a resistance of 10 





Fig. 3. Tape-wound inductor. 


Fig. 2 (below). Parallel-tuned LC cir- 
cuit (a). Frequency response (b). The 
bandwidth between points where 
fe response has fallen by 3dB is f,/ 


(b) 


FREQUENCY 





ohms, the OQ of the 1 ohm coil is 10 
times the Q of the 10 ohm coil. 

One way of fighting skin effect is to 
use, instead of one thick wire a number 
of thin wires in parallel, all insulated 
from one another. The insulation puts 
space between the small wires and 
allows each one to act on its own. This 
kind of stranded-insulated wire is cal- 
led litz wire (from its German name, 
Litzendraht). 

Parallel wires, even when insulated, 
are still not completely isolated from 
one another. They interact electromag- 
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netically like the layers of a solid wire. 
As the frequency is raised, the effect 
gets worse. This reduces the value of 
stranding and at really high frequen- 
cies solid wire is just as good. 

Designers of h.f. inductors know that 
the current in one turn affects the 
current distribution in an adjacent turn, 
reducing the Q. Interaction can be 
reduced by spacing out the turns. How- 
ever, more turns are then needed and 
the resulting increase in length of con- 
ductor itself gives increased resistance. 
There is a broad optimum spacing 
which gives the highest O at a particu- 
lar frequency. 


Another strategy is to use flat tape 
instead of round wires (Fig. 3). This 
reduces resistance but also inductance, 
so it’s only useful where a low induc- 
tance is sufficient. 


SILVER-PLATE 


A third ploy is to use a conductor 
material which has less resistance than 
the usual copper. The only useful 
material is silver, which is expensive. 
However, silver-plated conductors im- 
prove Q at extremely high frequencies 
where the skin depth is so low that 
even a very thin layer of high- 
conductivity material brings benefits. 


Microwave components are often 
silver-plated. 

You might think that the ultimate 
answer would be to wind coils using 
superconductive wire with no resis- 
ance at all. There are several snags. 
One is that at present all known super- 
conductors must be kept very cold. 
Another is that the higher the conduc- 
tivity the greater the skin effect. 

In a superconductor, alternating cur- 
rents are confined to a very thin sur- 
face layer. The current density in this 
layer is high, and the resulting high 
magnetic field strength may itself de- 
stroy the superconductivity. 








SWAP 210 components including transis- 
tors, cap’s, resistors, for any multitester 
working or not. Don’t pay p & p. Trevor Page, 
12 Ffordd Cadfan, Tywyn, Gwynedd LL36 
SEE. 

ELECTRONIC BUFF to design legal special 
purpose secure telecommunicatons record- 
ing type equipment. Will pay. T. Austin, Tel. 
021 783 3385. 


ZX81 SINCLAIR with power pack and two manu- 
als. Working. Good condition. Price £12+£2 
postage. Mr. Holdway, 20 Wherwell Road, 
Guildford, Surrey, GU2 5JR. 

PAIR CODAN 7727 s.s.b. transceivers 6 channel 
h.f. 12V supply. Offers Mr. C. Meikle, 123B Pepys 
Road, New Cross, S.E. 14. Tel: 01-732 8437. 
WANTED instruction manual for Seikosha SP- 
1200 Al Printer — especially details of escape 
codes. Will pay photocopy/postage. C. 
Richardson, 18 Ounsdale Crescent, Wombourn, 
Wolverhampton, WV5 9HU. Tel. 0902 896162. 
WANTED CB radio information; circuit diagram 
and anything else to do with CB and amateur 
radio equipment. K. Brandon, 28 Mendip Way, 
Sundon Park, Luton, Bedfordshire, LU3 3JL. 
WANTED exchange service sheet Ekco car radio 
model CR948 for Radiomobile No. 320. Mr. J. A. 
Caldwell, 31 Neston Green, Gt. Sutton, Elles- 
mere Port, South Wirral, L66 3NY. 

LASER TUBES brand new 2mW helium-neon 
with information. Only £50. Telephone 
weekends and evenings. 0332-515205. 
WANTED user manual Heathkit transistor tester 
model IM36. E. H. Downer, 1 Twitten Way, 
Worthing BN14 7JU. Tel. 0903-206384 
MICROPROCESSOR BUS analyser for 8 bit PCs. 
Tests for memory, I/O and track shorts, etc. £250. 
Tel. 0455-557143. 

WANTED BUY circuit diagram Omega 9054 dou- 
ble cassette stereo radio recorder. Tel. 552-7045 
after 6 p.m. 

FLUKE digital meter £50. Small AVO £20. Clamp 
meter £15. Tel. 01-554-2913 6-8 p.m. 
WANTED book Programming Programmable 
Calculators by Harold S. Engelsonn. Condition 
and price to F. Hill, 061-973 3559. 
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MARKET PLACE 


WANTED CROTECH 3036 or 3031. Will pay up to 
£100. Must be in full working order. Mr. C. R. Day, 
20 Sandford Way, Tuffley, Gloucester GL4 OTR. 
MARCONI transistor tester TF.2703+book v.g.c. 
Offers, cash, cameras, clocks, shotguns — 
anything considered. Details reply interested. 
Mr. H. Cranford Evans, 120 Manchester Road, 
Southport, Lancashire PR9 9BH. 
MICROTRANSMITTER ENTHUSIAST would like 
to hear from anybody who has bought Suma kits 
especially the VOX75. Contact Julian Cox 
Tel. 091-2851728. 

CB CIRCUITS manual £5.00. Military circuits 
manual £8.50. Valve wireless servicing book 
£4.00. Post+packing £1.00. S. J. Austin, 8 Green- 
wood Avenue, Chinnor, Oxford OX9 4HN. 

PIR INTRUDER DETECTOR, p.c.b. relays £1 each, 
d.p.t.d. key switches £1.50 each with data. Ex- 
equip, not seconds. s.a.e. to D. Lintern, 290 
Stanstead Road, Hoddesdon, Herts. EN11 ORX. 
SPECTRA physics 262 argon laser with variable 
current supply and 2.2VA, TF multiline optics, 
good tube £1200. John Spang, 47 Carleton Road, 
Chorley, Lancs. DR6 8JQ. Phone 02572-75831. 
OHIO SUPERBOARD computer, mint condition 
in metal case with integral power supply 
£25 buyer collects York. G. S. Houghton 
Tel. 0423 330620. 

BACK ISSUES Everyday Electronics and other 
magazines for sale. s.a.e. lists. M. Small, 
157, Hatchett Road, Bedfont, Middlesex. 

25M 50 core signal cable (RS cat) cost £35 offers? 
Also transformer 250/2500V ex laser p.s. £10. 
Martin, 0705-269485. 

EVERYDAY ELECTRONICS unique collection 
1975-1989 complete plus many earlier including 
issue one. Good condition. Sensible offers. 
David Griffin, 62 Buckshaft Road, Ruspidge, 
Cinderford, Glos. GL14 3AX. Tel. 0594-24109. 
SPECTRUM +2 OWNER wishes to contact same 
with view to learning assembly language and 
machine code. P. Morris, 6, Burnell Street, 
Brimington, Chesterfield, Derbyshire S43 1HW. 
Tel. 0246-207765. 


WANTED SCANNER with frequency read out. 
Phone Sheffield 326126. 


BLOCK CAPITALS PLEASE 





Signature............... 


COUPON VALID FOR POSTING BEFORE 6 OCTOBER '89 
(One month later for overseas readers) 

SEND TO: EE MARKET PLACE, EVERYDAY ELECTRONICS, 
6 CHURCH STREET, WIMBORNE, DORSET BH21 1JH. 


FREE READERS ADS. 
RULES Maximum of 16 words plus address 
and/or phone no. Private advertisers only 
(trade or business ads. can be placed in our 
classified columns). Pen pals or items 
related to electronics only. No computer 
software. EE cannot accept responsibility for 


the accuracy of ads, or for any transaction 

arising between readers as a result of a free 

ad. We reserve the right to refuse advertise- 

ments. Each ad. must be accompanied by a. 
cut-out valid “date corner’. Ads. will not 

appear (or be returned) if these rules are 

broken. | 


SMALL STROBOSCOPE 4 Joules frequency 2 to 
20Hz. Fully cased £25. Tel. 061-494 1887. 
URGENTLY WANTED information and/or chips 
by Curtis Electromusic Specialities. Especially 
CEM 3310, CEM 3320, CEM 3330, CEM 3340, 
Contact Mr. N. Gallacher, 23, Stratheden Park, 
By Cupar, Fife, Scotland KY15 5RP — 
(0334) 56507. 

DESPERATELY WANTED vaive amp theory 
books/circuits also o/t for single EL84 valve amp. 
Will pay. Richard Vernon, 319 Archway Road, 
Highgate, London N.6. 

FOR SALE 4 channel 4 program lighting controi- 
ler five available. Bargain £30 ea. more inform- | 
ation on request. The Ultimate Roadshow, 
8 Woodland Avenue, Congleton, Cheshire . 
CW12 1LN. 

WANTED intro board to go with the book Intro- 
ducing Microelectronics by David Thompson. 
Stephen Lawrence, 4 Dale Park Rise, Leeds, 
LS16 7PP. Tel. Leeds (0532) 677423. | 

WANTED October 1988 to May 1989 editions of 
Everyday Electronics. Offers around £10. Mike 
Payne, 10 Lawns Park, Selsley Road, North 
Woodchester, Stroud, Glos GL5 5PP. 

| AM LOOKING for pen pals interested in digital 
and analogue electronics. Reza, 180 Bushy Hill 
Drive, Merrow, Guildford, Surrey GU1 2UG. 
Tel. 574700. 

GOULD switch mode power supply model EXT 
90/12 2764 Eproms few logic chips. Phone after 
11 a.m. Mr. J. Battersby, 4 Stork Cottages, off 
Pole Lane, Darwen, Lancashire BB3 3LQ. 
Tel. 0254 76127. 
WANTED Repair manual for Sinclair ZX Spec- 
trum also series on Spectrum repairs from T.V. 
Engineer trade magazine. Alister Stewart, 3 Fife 
Street, Banff, Scotland AB4 1JB. 

AUDIO WATTMETER AW10 by Heath £15 o.n.o. 
Dawe Stroboscope model 1214 £25. D. K. R. 
Russell, 9 South Beach Road, Ardrossan, Ayr- 
shire KA22 8AX. Tel. 0294 64144. 





Please read the RULES then write your advertisement here— 
one word to each box. Add your name, address and/or phone no. 
Please publish the following small ad. FREE in the next available 
issue. | am not a dealer in electronics or associated equipment. | 
have read the rules. | enclose a cut-out valid date corner. 






DIRECT 
BOOT 
SERVICE 


The books listed have been 
selected as being of special 
interest to everyone involved in 
electronics and computing. They 
are supplied by mail order direct 
to your door. Full details are 
given on the last book page. 

For another selection of books 
see next month’s issue. 


MORE BOOKS NEXT MONTH—MORE BOOKS NEXT MONTH 


HOW TO GET YOUR 

ELECTRONIC PROJECTS WORKING 

R. A. Penfold 

We have all built projects only to find that they did not 
work correctly, or at all, when first switched on. The aim 
of this book is to help the reader overcome just these 
problems by indicating how and where to start looking 
for many of the common faults that can occur when 
building up projects. 

96 pages Order code BP110 £2.50 


HOW TO DESIGN AND MAKE 

YOUR OWN P.C.B.s 

R. A. Penfold 

Deals with the simple methods of copying printed circuit 


board designs from magazines and books and covers all 
aspects of simple p.c.b. construction including photo- 
graphic methods and designing your own p.c.b.s. 

80 pages Order code BP 121 £2.50 


BEGINNER’S GUIDE TO BUILDING 
ELECTRONIC PROJECTS 

R. A. Penfold 

Shows the complete beginner how to tackle the practical 
side of electronics, so that he or she can confidently build 
the electronic projects that are regularly featured in 
magazines and books. Also includes examples in the 
form of simple projects. 

112 pages Order code No. 227 £2.25 


Regimmrers Guide to 
Building Electrome 
Projects 
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ELECTRONIC SCIENCE PROJECTS 

O. Bishop 

These projects range in complexity from a simple colour 
temperature meter to an infra-red laser. There are novel- 
ties such as an electronic clock regulated by a resonating 
spring, and an oscilloscope with solid-state display. 
There are scientific measuring instruments such as a pH 
meter and an electro-cardiometer. All projects have a 
strong scientific flavour. The way they work, and how to 
build and use them are fully explained. 

144 pages Order code BP104 £2.95 


Me Pe ee CIRCUITS & DESIGN Si 


PRACTICAL ELECTRONIC 
. BUILDING BLOCKS-—BOOK 1 

PRACTICAL ELECTRONIC 
BUILDING BLOCKS-BOOK 2 


R. A. Penfold 
These books are designed to aid electronic enthusiasts 
who like to experiment with circuits and produce their 
own projects, rather than simply following published 
project designs. 


BOOK 1 contains: Oscillators—sinewave, triangular, 
squarewave, sawtooth, and pulse waveform generators 
operating at audio frequencies. Timers—simple mono- 
stable circuits using i.c.s, the 555 and 7555 devices, etc. 
Miscellaneous—noise generators, rectifiers, Compara- 
tors and triggers, etc. 


BOOK 2 contains: Amplifiers—low level discrete and 
op-amp circuits, voltage and buffer amplifiers including 
d.c. types. Also low-noise audio and voltage controlled 
amplifiers. Filters—high-pass, low-pass, 6, 12, and 24dB 
per octave types. Miscellaneous—i.c. power amplifiers, 
mixers, voltage and current regulators, etc. 


BOOK 1 Order code BP117 £1.95 
BOOK 2 Order code BP118 £1.95 


128 pages 
112 pages 


ELECTRONIC ALARM CIRCUITS MANUAL 
R. M. Marston 
One hundred and forty useful alarm circuits, of a variety 
of types, are shown in this volume. The operating princi- 
ple of each one is explained in concise but comprehen- 
sive terms, and brief construction notes are given where 
necessary. 

Aimed at the practical design engineer, technician and 
experimenter, as well as the electronics student and 


amateur. 
124 pages Order code NE11 £9.95 


DESIGNING DC POWER SUPPLIES 

G. C. Loveday C.Eng MIERE 

Covers all aspects of the design of regulated power units, 
using discretes, i.c. regulators and switched units. It also 
covers protection circuits and reference supplies. Many 
design examples and exercises all with fully worked sol- 


utions are given. 
131 pages Order code BM2 £6.95 
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MODERN OPTO DEVICE PROJECTS 

R.A. Penfold 

In recent years, the range of opto devices available to the 
home constructor has expanded and changed radically. 
These devices now represent one of the more interesting 
areas of modern electronics for the hobbyist to experiment 
in, and many of these devices have useful practical applica- 
tions as well. This book provides a number of practical 
designs which utilize a range of modern opto-electric 
devices, including such things as fibre optics, ultra bright 
\.e.d.s and passive IR detectors etc. 

While many of these designs are not in the “dead simple” 
category, they should be within the capabilities of anyone 
with a reasonable amount of experience in electronics con- 
strucuion and some of the more simple designs are suitable 
for begintzers. 


104 pages Order code BP194 £2.95 


DIGITAL LOGIC GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and techni- 
cians, seeks to establish a firm foundation in digital elec- 
tronics by treating the topics of gates and flip-flops 
thoroughly and from the beginning. This is not a con- 
structor’s book in the sense of presenting circuits to build 
and use, it is for the user who wants to design and 
troubleshoot digital circuitry with considerably more 
understanding of principles. | 

Topics such as Boolean algebra and Karnaugh map- 
ping are explained, demonstrated and used extensively, 
and more attention is paid to the subject of synchronous 
counters than to the simple but less important ripple 
counters. ; 

No background other than a basic knowledge of elec- 
tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 
200 pages Order code PC106 £8. 


HOW TO USE OP-AMPS 

E. A. Parr 

This book has been written as a designer's guide 
covering many operational amplifiers, serving both as a 
source book of circuits and a reference book for design 
calculations. The approach has been made as non- 
mathematical as possible. 

160 pages Order code BP88& £2.95 


MICRO INTERFACING CIRCUITS-BOOK 1 
MICRO INTERFACING CIRCUITS-BOOK 2 
R. A. Penfold 
Both books include practical circuits together with details 
of the circuit operation and useful background informa- 
tion. Any special constructional points are covered but 
p.c.b. layouts and other detailed constructional informa- 
tion are not included. 

Book 1 is mainly concerned with getting signals in and 
out of the computer;. Book 2 deals primarily with circuits 
for practical applications. 


Book 1 112 pages Order code BP130 £2.25 
Book 2 112 pages Order code BP131 £2.75 
SENSORS AND TRANSDUCERS 


Keith Brindley 

There are a considerable number of transducers. Look 
through any electronic components catalogue and you'll 
find a wide variety of types, and each type has many ver- 
sions. It’s not easy to choose a transducer correctly for a 
particular function. In many specifications, terms and 
procedures are referred to which might deter you from 
using one that is, in fact, the best for the job. Yet, opting 
to use a transducer merely because it is easier to inter- 
face into the measuring system is not the answer. A 
greater knowledge of all types of transducers capable of 
doing the task is the ideal, and only then can a totally 
satisfactory decision be made to use one in particular. 
176 pages Order code NE17 £12.95 


ELECTRONIC CIRCUITS FOR THE COMPUTER CONTROL OF 
ROBOTS 

Robert Penfold 

Robots and robotics offer one of the most interesting areas 
for the electronics hobbyist to experiment in. Today the 
mechanical side of robots is not too difficult, as there are 
robotics kits and a wide range of mechanical components 
available. The micro controller is not too much of a problem 
either, since the software need not be terribly complex and 
many inexpensive home computers are well suited to the 
task. 

The main stumbling block for most would-be robot builders 
is the electronics to interface the computer to the motors, 
and the sensors which provide feedback from the robot to 
the computer. The purpose of this book is to explain and 
provide some relatively simple electronic circuits which 
bridge this gap. 

92 pages Order code BP179 £2.95 


50 SIMPLE LED CIRCUITS 

R. N. Soar 

Contains 50 interesting and useful circuits and applica- 
tions, covering many different branches of electronics, 
using one of the most inexpensive and freely available 
components—the light-emitting diode (LED). Also in- 
cludes circuits for the 707 common anode display 

64 pages Order Code BP42 £1.95 
BOOK 2 50 more l.e.d. circuits Order code BP87 £1.35 


ELECTRONICS SIMPLIFIED 

—CRYSTAL SET CONSTRUCTION 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

Especially written for those who wish to participate in the 
intricacies of electronics more through practical con- 
struction than by theoretical study. It is designed for all 
ages upwards from the day one can read intelligently and 
handle simple tools. 

80 pages Order Code BP92 £1.75 
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ELECTRONICS TEACH-IN 88/89— 

INTRODUCING MICROPROCESSORS 

Mike Tooley BA (published by Everyday Electronics) 

A complete course that can lead successful readers to 
the award of a City and Guilds Certificate in Introductory 
Microprocessors (726/303). The book contains every- 
thing you need to know including full details on register- 
ing for assessment, etc. 

80 pages (A4 size) Order code TI-88/89 £2.45 


ELECTRONICS TEACH-IN 
Michael Tooley BA and David Whitfield MA MSc 
CEng MIEE (published by Everyday Electronics) 
This value for money EE book provides a comprehensive 
background to modern electronics including test gear 
projects. A complete course in basic electronics; designed 
for the complete newcomer it will however also be of value 
to those with some previous experience of electronics. 
Wherever possible the course is related to ‘‘real life” 
working circuits and each part includes a set of detailed 
practical assignments. Includes details of eight items of 
related test gear giving full constructional information and 
diagrams for each one. They are: Safe Power Supply; 
Universal LCR Bridge; Diode/Transistor Tester; Audio 
Signal Tracer; Audio Signal Generator; RF Signal 
Generator; FET Voltmeter; Pulse Generator. An excellent 
companion for anyone interested in electronics and 
invaluable for those taking G.C.S.E. and BTEC electronics 


NEWNES ELECTRONICS 

POCKET BOOK 

E. A. Parr 

Newnes Electronics Pocket Book has been in print for 
over twenty years and has covered the development of 
electronics from valve to semiconductor technology and 
from transistors to LSI integrated circuits and micro- 
processors. To keep up to date with the rapidly changing 
world of electronics, continuous revision has been 
necessary. This new Fifth Edition takes account of recent 


courses. - changes and includes material suggested by readers of 

104 pages (A4 size) Order code EE/T-I £1.95 previous editions. New descriptions of op.amp. applica- 
tions and the design of digital circuits have been added, 
along with a totally new chapter on computing, plus 
other revisions throughout. 

Lag yb lacged TO AMPERES 315 pages (hard cover) Order Code NEO2 £9.95 


Explains in crystal clear terms the absolute fundamen- 
tals behind electricity and electronics. Really helps you 
to discover and understand the subject, perhaps for the 
first time ever. 

Have you ever: Wondered about the true link between 


PANOS 


Beginners 


electricity and magnetism? Felt you could never under- 
stand the work of Einstein, Newton, Boltzmann, Planck 
and other early scientists? Just accepted that an electron 
is like a little black ball? Got mixed up with e.m.f. and 
p.d.? Thought the idea of holes in semiconductors is a bit 
much? 

Then help is at hand with this inexpensive book, in as 
simple a way as possible and without too much complex 
mathematics and formulae. 

244 pages Order code BP254 £3.50 


BEGINNERS GUIDE TO MICROPROCESSORS 
E.A. Parr 
An excellent grounding in microprocessors, this book is 
broadly relevent to the whole of our Introducing 
Microprocessors course. It is easy to read and well 
illustrated. 

Order code NE03 


224 pages £5.95 
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TEACH-IN, THEORY, AND REFERENCE Se 


RECOMMENDED READING 


FOR INTRODUCING : 
DIGITAL ELECTRONICS . 


ELECTRONICS— A “MADE SIMPLE” BOOK 

G. H. Olsen : 

This book provides excellent background reading for our 
Introducing Digital Electronics series and will be of interest 
to everyone studying electronics. The subject is simply ex- 
plained and weil illustrated and the book assumes only a 


£4.95 


. very basic knowledge of electricity. 


330 pages Order code NE10 


ELECTRONIC HOBBYISTS HANDBOOK 
R.A. Penfold 

Provides an inexpensive single source of easily located 
information that the amateur electronics enthusiast is likely 
to need for the day-to-day pursuance of this fascinating 
hobby. Covers common component colour codes. Details 
the characteristics and pinouts of many popular 
semiconductor devices, including various types of logic 
ICs, operational amplifiers, transistors, FETs, unijunctions, 
diodes, rectifiers, SCRs, diacs, triacs regulators and 
SMDs, etc. Illustrates many useful types of circuits, such 
as timers and oscillators, audio amplifiers and filters, as 
well as including a separate section on power supplies. 
Also contains a multitude of other useful data. 

88 pages Order code BP233 £4.95 


ESSENTIAL THEORY FOR THE 

ELECTRONICS HOBBYIST 

G. T. Rubaroe, T.Eng (C.E.1.), Assoc.1.E.R.E. 

The object of this book is to supply the hobbyist with a 
background knowledge tailored to meet his or her 
specific requirements and the author has brought to- 
gether the relevant material and presented it in d readable 
manner with minimum recourse to mathematics. 

128 pages Order Code 228 £2.50 


_PRACTICAL DIGITAL ELECTRONICS HANDBOOK 
Mike Tooley (Published in association with Everyday Elec- 
tronics) 

The vast majority of modern electronic systems rely heavily 
on the application of digital electronics, and the Practical 
Digital Electronics Handbook aims to provide readers with 
a practically based introduction to this subject. The book 
will prove invaluable to anyone involved with the design, 
manufacture or servicing of digital circuitry, as well as to 
those wishing to update their knowledge of modern digital 
devices and techniques. Contents: Introduction to 
integrated circuits; basic logic gates; monostable and 
bistable devices; timers; microprocessors; memories; input 
and output devices; interfaces; microprocessor buses. 
Appendix 1: Data. Appendix 2: Digital test gear projects; 
tools and test equipment; regulated bench power supply; 
logic probe; logic pulser; versatile pulse generator; digital 
IC tester; current tracer; audio logic tracer; RS-232C 
breakout box; versatile digital counter/frequency meter. 
Appendix 3: The oscilloscope. Appendix 4: Suggested 
reading. Appendix 5: Further study. 

208 pages Order code PC100 £6.95 
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NEWNES COMPUTER ENGINEER'S 
POCKETBOOK 

Michael Tooley 

An invaluable compendium of facts, figures, circuits and 
data, indispensable to the designer, student, service 
engineer and all those interested in computer and 
microcomputer systems. It will appeal equally to the 
hardware or software specialist and to the new band of 
“software engineers’’. This first edition covers a vast 
range of subjects at a practical level, with the necessary 
explanatory text. The data is presented in a succinct and 
rapidly accessible form so that the book can become part 


of an everyday toolkit. 
205 pages (hard cover) Order code NEO1 £8.95 


GETTING THE MOST FROM YOUR PRINTE! 
J. W. Penfold ¥ aren 


Details how to use all the features provided on most dot- 
matrix printers from programs and popular word proces- 
sor packages like Wordwise, Visawrite and Quill, etc. 
Shows exactly what must be typed in to achieve a given 


effect. 
96 pages Order Code BP181 £2.95 


AN INTRODUCTION TO Z80 MACHINE CODE 
R. A. & J. W. Penfold 

Takes the reader through the basics of microprocessors 
and machine code ep haotorlars, eg no previous know- 
ledge of these being assumed. The Z80 is used in many 
popular home computers and simple programming ex- 
amples are even for Z80-based machines including the 
Sinclair ZX-81 and Spectrum, Memotech and the Am- 
strad CPC 464. Also applicable to the Amstrad CPC 664 


and 6128. 
144 pages Order code BP152 £2.75 
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AN INTRODUCTION TO PROGRAMMING THE 
ACORN ELECTRON 

R. A. & J. W. Penfold 

Designed to help the reader learn more about program- 
ming and to make best use of the Electron’s many 
features. Adds considerably to the information already 
supplied in the manufacturer's own instruction manual. 
144 pages Order code BP142 et. 


AN INTRODUCTION TO PROGRAMMING THE 
ATARI 600/800 XL 

R. A. & J. W. Penfold 

Especially written to supplement the manufacturer's own 
handbook. The information supplied will help the reader 
to master BASIC programming and to make best use of 


the Atari's many powerful features. 
128 pages Order code BP143 £1.95 


AN INTRODUCTION TO PROGRAMMING THE 
SINCLAIR QL 

R. A. & J. W. Penfold 

Helps the reader to make best use of the fantastic Sinclair 
QL’s almost unlimited range of features. Designed to 
complement the manufacturer's handbook. 

112 pages Order code BP150 £1.95 


A Z80 WORKSHOP MANUAL 

E. A. Parr, B.Sc., C.Eng., M.1.E.E. 

This book is intended for gies ed who wish to progress 
beyond the stage of BASIC programming to topics such 
as machine code and assembly language programming, 
or need hardware details of a Z80 based computer. 
192 pages Order Code BP112 £ 


A CONCISE INTRODUCTION TO MS-DOS 
N. Kantaris F 
This guide is writen with the non-expert, busy person in 
mind and, as such, it has an underlying structure based 
on “what you need to know first, appears first’’. 
Nonetheless, the guide is also designed to be circular, 
which means that you don’t have to start at the begin- 
ning and go to the end. The more experienced user can 
start from any section. i 

The guide covers versions 3.0, 3.1 and 3.2 of both PC- 
DOS and MS-DOS as implemented by IBM and other 
manufacturers of “compatible” microcomputers, 
including the AMSTRAD PC’s. It covers both floppy disc- 
based systems and hard disc-based systems. 
64 pages Order code BP232 £2.95 


AN INTRODUCTION TO 68000 ASSEMBLY 
LANGUAGE 


R. A. & J. W. Penfold 

Obtain a vast increase in running speed by writing 
programs for 68000 based micros such as the Commo- 
dore Amiga, Atari ST range or Apple Macintosh range 
etc., in assembly language. It is not as difficult as one 
might think and this book covers the fundamentals. 


112 pages Order code BP184 £2.95 


THE ART OF PROGRAMMING THE ZX 
SPECTRUM 

M. James, B.Sc., M.B.C.S. 

It is one thing to have learnt how to use all the 
Spectrum's commands and functions, but a very differ- 
ent one to be able to combine them into programs that 
do exactly what you want them to. This is just what this 
book is all about—teaching you the art of effective 
programming with your Spectrum. 

144 pages Order code BP119 £2.50 
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BEGINNER'S GUIDE TO HI-FI 

lan Sinclair 

The Beginner’s Guide to Hi-Fi will appeal to the audio 

enthusiast, whether newly won over by advances in tech- 

nology or well established and wondering whether to up- 

date eaipment. The book deals with the sound from its 

sources in the studio to its ultimate end in your ears, and 

st what sound is, how it is recorded and how it is repro- 
uced. 

Every aspect of Hi-Fi, from pickup cartridges to loudspeak- 

ers, has been covered, and the emphasis has been on ex- 

plaining design aims. Cassette systems have been given 

considerable prominence, including the more modern Dolby 

C and dbx noise reduction systems. The CD record has been 

covered in detail so that you can find out just why this 

system of sound reproduction is so superior. 

194 pages Temporarily out of print. 


DATA & COMPONENT 
IDENTIFICATION 


HOW TO IDENTIFY UNMARKED ICs 

K. H. Recorr 

Shows the reader how, with just a test-meter, to go 
about recording the particular signature of an unmarked 
i.c. which should enable the i.c. to then be identified with 
reference to manufacturers’ or other data. An ic. 
signature is a specially plotted chart produced by mea- 
suring the resistances between all terminal pairs of an i.c. 
Chart Order code BP101 £0.95 


INTERNATIONAL DIODE 

EQUIVALENTS GUIDE 

A. Michaels 

Designed to help the user in finding possible substitutes 
for a large selection of the many different types of diodes 
that are available. Besides simple rectifier diodes, also 
included are Zener diodes, |.e.d.s, diacs, triacs, thyris- 
tors, OCis, photo and display diodes. 
144 pages Order code BP108 £2.25 


LINEAR IC EQUIVALENTS 

AND PIN CONNECTIONS 

A. Michaels 

Shows equivalents and pin connections of a popular 
selection of European, American and Japanese linear 
i.c.s. Also includes details of functions, manufacturer 
and country of origin. 


320 pages Temporarily out of print 


RADIO AND ELECTRONIC COLOUR CODES AND 
DATA CHART 

B. B. Babani 

Although this chart was first published in 1971 it 
provides basic information on many colour codes in use 
throughout the world, for most radio and electronic 
components. Includes resistors, capacitors, transfor- 
mers, field coils, fuses, battery leads, speakers, etc. It is 


particularly useful for finding the values of old 
components. 
Chart Order code BP7 
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INTERNATIONAL RADIO STATIONS GUIDE 

P. Shore 

Provides the casual listener, amateur radio DXer and the 
professional radio monitor with an essential reference work 
designed to guide him or her around the ever more complex 
radio bands. This new edition has been completely revised 
and rewritten and incorporates much more information 
which is divided into the following sections: 

Listening to Short Wave Radio; ITU Country Codes; World- 
wide Short Wave Radio Stations; European, Middle East and 
North African Long Wave Radio Stations; European, Near 
East and North African Medium Wave Radio Stations; Cana- 
dian Medium Wave Radio Stations; USA Medium Wave 
Radio Stations; Broadcasts in English; Programmes for 
DXers and Short Wave Listeners; UK FM Radio Stations; 
Time differences from GMT; Abbreviations; Wavelength/F- 
requency Conversion. 
320 pages 


Order code BP255 £4.95 


AERIAL PROJECTS 

R. A. Penfold 

The subject of aerials is vast but in this book the author 
has considered practical aerial designs, including active, 
loop and ferrite aerials which give good performances 
and are relatively simple and inexpensive to build. The 
complex theory and mathematics of aerial design have 
been avoided. 

Also included are constructional details of a number of 
aerial accessories including a pre-selector, attenuator, 
filters and tuning unit. 

96 pages Order code BP105 £2.50 
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AN INTRODUCTION TO LOUDSPEAKERS AND 
ENCLOSURE DESIGN 

V. Capel 

This book explores the various features, good points 
and snags of speaker designs. It examines the whys 
and wherefores so that the reader can understand 
the principles involved and so make an informed 
choice of design, or even design loudspeaker en- 
closures for him or herself. Crossover units are also 
explained, the various types, how they work, the dis- 
tortions they produce and how to avoid them. 
Finally, there is a step-by-step description of the 
construction of the Kapellmeister loudspeaker 


enclosure. 
148 pages Order Code BP256 £2.95 


MUSICAL APPLICATIONS OF THE ATARI ST's 
R. A. Penfold 
The Atari ST’s are now firmly established as the comput- 
ers to use for electronic music applications. The range 
and sophistication of these applications are much grea- 
ter than most people may realise, but there are still a lot 
of misconceptions about just what can and cannot be 
achieved. This book will help you sort out the fact from 
the fallacy and to get the most musically from the ST's. 
A wide selection of topics are covered, including the 
internal sound chip; MIDI; applications programs such 
as sequencing and score writing, etc; simple but useful 
add-on projects and MIDI programming. 
90 pages Order code BP246 £5.95 
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TRANSISTOR RADIO FAULT-FINDING CHART 
C. E. Miller 

Used properly, should enable the reader to trace most 
common faults reasonably quickly. Across the top of the 
chart will be found four rectangles containing brief 
description of these faults, vis—sound weak but undis- 
torte, set dead, sound low or distorted and background 
noises. One then selects the most appropriate of these 
and following the arrows, carries out the suggested 
checks in sequence until the fault is cleared. 

Chart Order code BP70 £0.95 


OSCILLOSCOPES: HOW TO USE THEM—HOW THEY WORK 
lan Hickman 

Oscilloscopes are essential tools for checking circuit oper- 
ation and diagnosing faults, and an enormous range of mod- 
els is available. But which is the right ‘scope for a particular 
application? Which features are essential, which not so 
important? What techniques will get the best out of the 
instrument? 

lan Hickman, experienced in both professional and hobbyist 
electronics, has revised this well-established book to help all 
oscilloscope users—and potential users. 

133 pages Order code NE09 £6.95 












AN INTRODUCTION TO SATELLITE TELEVISION 
F.A. Wilson 
As a definitive introduction to the subject this book is pre- 
sented on two levels. For the absolute beginner or anyone 
thinking about purchasing or hiring a satellite TV system, the 
story is told as simply as such a complex one can be in the 
main text. 
For the professional engineer, electronics enthusiast, stu- 
dent or others with technical backgrounds, there are numer- 
ous appendices backing up the main text with additional 
technical and scientific detail formulae, calculations, tables 
etc. 
There is also plenty for the DIY enthusiast with practical 
advice on choosing and installing the most problematic part 
of the system -—the dish antenna. 

£5.95 


104 pages Order Code BP195 


COMMUNICATION 

F. A. Wilson, C.G.1.A., C.Eng., F.1.E.E., F.1.E.R.E., 
F.B.1.M. 

A look at the electronic fundamentals over the whole of 
the communication scene. This book aims to teach the 
important elements of each branch of the subject in a 
style as interesting and practical as possible. While not 
getting involved in the more complicated theory and 
mathematics, most of the modern transmission system 
techniques are examined including line, microwave, 
submarine, satellite and digital multiplex systems, radio 
and telegraphy. To assist in understanding these more 
thoroughly, chapters on signal processing, the electro- 
magnetic wave, networks and transmissions assess- 
ment are included, finally a short chapter on optical 


transmission. 
256 pages Order Code BP89 £2.95 


PRACTICAL MIDI HANDBOOK 

R.A. Penfold 

The Musical Instrument Digital Interface (MIDI) is sur- 
rounded by a great deal of misunderstanding, and many of 
the user manuals that accompany MIDI equipment are quite 
incomprehensible to the reader. 

The Practical MIDI Handbook is aimed primarily at 
musicians, enthusiasts and technicians who want to exploit 
the vast capabilities of MIDI, but who have no previous 
knowledge of electronics or computing. The majority of the 
book is devoted to an explanation of what MIDI can do and 
how to exploit it to the full, with practical advice on connec- 
ting up a MIDI system and getting it to work, as well as 
deciphering the technical information in those equipment 
manuals. 


128 pages Order code PC101 £5.95 
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DIRECT 
BOOK 
GERVIICE 


(A Division of Wimborne Publishing Ltd.) 


TO ORDER 


Please state the title 
and order code 
clearly, print your 
name and address 
and add the required 
postage to the total 


order. 


Add 75p to your total order for 
postage and packing (overseas 
readers add £1.50 for countries 
in Europe, or add £2.00 for all 
countries outside Europe, sur- 
face mail postage) and send a 
PO, cheque or _ international 
money order (£ sterling only) 
made payable to Direct Book 
Service quoting your name and 
address, the order code and 
quantities required to DIRECT 
BOOK SERVICE, 33 GRAVEL 





HILL, MERLEY, WIMBORNE, 
DORSET, BH21 1RW (mail order 
only). 


See next month’s issue for another 
three page selection of books. 





Although books are normally 
sent within seven days of receipt 
of your order, please allow a 
maximum of 28 days for deliv- 
ery. Overseas readers allow 
extra time for surface mail post. 


Please check price and availability 
(see latest issue of Everyday 
Electronics) before ordering from 
old lists. 


Note-—our postage charge 
is the same for one book or 
one hundred books! 


SOMMER 
MORE BOOKS NEXT MONTH 
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POWER CONDITIONER 


FEATURED IN ETI 
JANUARY 1988 


RAINY DAY 
PROJECTS 


All can be built in an afternoon! 


JUMPIN’ JACK FLASH (ET! March 1988) 


i 





The ultimate mains 
purifier. Intended mainly 
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KNIGHT RAIDER 










































ca lowering the ane Spectacular rock, stage and disco lighting effect! £6.90 - vat | 
ssi pg pe e CREDIT CARD CASINO (ET! March 1987) AUGUST 1988 
The wicked pocket gambling machine £5.90 - var There's nothing quite so encouraging as U 
oe apa tains thirt itors and dis ab a eee ae a! MAINS CONTROLLER (ETI January 1987) having a quantifiable result to show for your training efforts. If you are not 3 
massive filter section contains thirteen capacitors are asaborchini. Massrés Isolated logic to mains interface £6.20 - vat particularly fit. your resting heart rate will be around 80 beats per minute. 
two current balanced inductors, together with a bank of six pestered pg Reo pers say ty waaltie MATCHBOX AMPLIFIERS (ETI April 1986 : As your jogging. aerobics or sport strengthens your heart. the rate will drop 
VODRs. to remove every last trace of impulsive and RF lige ; . an, od attr : lata ci art ort ) dramatically - possibly to 60bpm or less. With the $101. you can watch 
; ry ‘ace of Imp line along the front and eight along the rear. You flick a switch on the; Listen: 50W of Hi-Fi power from an amp small awd 
interference. A ten LED logarithmic display gives a second by dashboard contro! box and a point of light moves lazily from left to enough to fit in a matchbox! your progress day by day. 
second indication of the amount of interference removed. right leaving a comet's tail behind it. Flip the switch again and the Matchbox Amplifier (20W) £6.50 - vat | Breathing is important too. How efficiently do you take up oxygen? ; 
Our approved parts set consists of case, PCB, ail point of light becomes a bar, bouncing prose and forwards Matchbox Bridge Amplifier (50w) £8.90 - var How quickly do you recover from ‘oxygen debt’ after strenuous activity’ 
com nts (including high permeability toroidal cores, ICs along the row. Press again and try one of the other six patterns . . . L165V Power Amplifier IC, with data and circuits £3.90 - var The $101 will let you know. 
pone ng two permea VOR : An LED display on the control box let's you see what the main lights . The approved parts set consists of: case. 3 printed circuit 
prpeseny jo dicen ies beens are doing. TACHO/DWELL METER (ET! January 1987) boards, all components (including 17 ICs. quartz crystal. 
etc.) and full instructions. The Knight Raider can be fitted to any car (it makes an excellent fog Turn your Metro into a Porsche! £16.40 - var 75 transistors, resistors, diodes and capacitors). LCD. 
PARTS SET £29.80 + VAT light!) or with low nee e nen tery Child's pedal car or HI-Fl POWER METER (ET! May 1987) switches, plugs, sockets. electrodes. and full instructions 
The prs set const of box, PCB andcomponent for conr..pcB. fe ests NEF ouput ower up lo 100W oe 
' ' ~ includes PCB, 
Allow cost (but high performance) mains conditioner is also available. and components for sequence board, and full instructions. Wisc tees nebo se bsnl £3.90 - var PARTS SET £33.80 + VAT 
: 5 -Vi 
‘ So rt labl tely. Pl nd SAE for lists. or 
MAINS CONDITIONER PARTS SET £5.40 + VAT Lamps not inchuded Stereo power meter £7.20 - var SAE - £2 for Res. ctcuts, constucion datas and training plan (ree with parts set 


RUGGED PLASTIC CASE £1.80 + VAT 





THE DREAM 
MACHINE 


FEATURED IN ETI 
DECEMBER 1987 


Adjust the controls to suit your mood and let the gentle, 
relaxing sound drift over you. At first you might hear soft rain, 
sea surf, or the wind through distant trees. Almost hypnotic, 
the sound draws you irresistably into a peaceful, refreshing 
sleep. 

For many, the thought of waking refreshed and alert from 
perhaps the first truly restful sleep in years is exciting enough 
in itself. For more adventurous souls there are strange and 
mysterious dream experiences waiting. Take lucid dreams, 
for instance. Imagine being in control of your dreams and able 
to change them at will to act out your wishes and fantasies. 
With the Dream Machine it’s easy! 


The approved parts set consists of PCB, all components, 
controls, loudspeaker, knobs, lamp, fuseholders, fuse, mains 
power supply, prestige case and full instructions. 


PARTS SET £19.80 + VAT 


Ben Sweetiand’s best seller GROW RICH WHILE YOU SLEEP 
isnowin stock. £2.95 (NOVAT ) 














PARTS SET £24.80 + VAT 













ions eve j 
X 10" ions per ri ha " 
With extra emitters this can be 
increased stil| further! 


PARTS 


SET £28.40 + var 


The parts s 
includes case, aie 


Circuit boards 126 to 
p 

grade components, all 

Controls, lamps, hardware, a 


Multi-point phospher- 
emitter and ful pher-bronze 


= oneyou've made yourself, 

® helpyou setup fans and position the ioniser for best effect, 
_ doanion-survey of your house or office— in short, it will 
tell you anything you want to know about ions in the air. 


& Indirect mode the bar-graph readout will detect the presence of negative or 
© positive ions and measure neg-ion strengths from 5x 10” to 10'°ions per 
&= second, which covers the levels you can expect when an air ioniser is in use. 
«= Forthe smaller concentrations of natural air ions, integrate mode will increase 
_ the sensitivity as far as you like. 
: Ourapproved parts set comprises: case, ion collector, printed circuit board, 
= allcomponents (including six Cs, schottky diode, cermets, VDR, zener, 
© 37 resistors and capacitors, LEDs, plug, socket, earth lead, etc.) 
© andfull instructions. 


| PaRTSSET £18.40 + VAT 


| Some parts are available separately — please send SAE for ists, or 
: SAE + £1 for lists, circuit, construction details and further information (free 



































FEATURED INETI 
BRUARY 1989 


“The Qionis ahand-held 
“inthe air. Itcan tell the good 
: ones from the duds if you're 









































with parts set). 


TVBOOSTER idm |) 

Good TV pictures from poor a + £1 for lists, cheat nth SAE FEEDBACK 
svidelashat iaprjction - details and further informati 

—— F peapy ae bs 
corsets : ; tt 6 UI LT Mt ISTRA L IP A BO A RD Bio-feedback comes of age 
pln ne projects) can ee most of our other chuaonar 





Based on the OM335 hybrid amplifier, the booster has specifications to rival 


and ready to 90. For details, please 


© supplied built, tested 


CLEANER 


£0.98 . var 





response monitor! The 
powerful circuit has found application in clinical situations 


the best: wideband operation from 10MHz to 1.4 GHz, mid-band gain of up to Contact Peter Leah at P i Essential for removi as well as on the bio-feedback scene. It will open your 
2608 and a wide supply range of V to 26V (wil run from car bafteries for Woburn Road E: me Electronics, flux residy ae grease and eyes to what GSR techniques are really all about. 
caravanners, dry batteries for campers, of a mains ‘battery eliminator’ in the » Eastville, Bristo/ BS €s from the Mistral P ; 
home) No special UHF construction skis are needed —the project could be Tel: 0272 522703 Evenings Only S6TT. achieve peak performance . ee to The complete parts set includes case, PCB, all 
made by a careful beginner. ; n brush supnii - Applicator components, leads, electrodes, conductive gel, and full 

pplied. instructions. 
Tae a mopar sept At tis epg td INTERNAL EMITTER £2 ae 
Seven eth soeoadin bot una unl elec pei an be used in plac 80+ var N F AN PARTS SET £16.80 + var 
feet, sockets and hardware. emitter, or both can tei ie external ~~ Analmost silent pi £9.80 var BIO-FEEDBACK BOOK £4.50 (no vAT) — 

. ; e eZ ‘ . 
AA1 PARTS SET £12.80 + VAT oe sed i oi lOn Output. Pas pil Operated, to pane ions away ans 
Ss . x H . 

AA2 PARTS SET £4.80 + VAT and instruction a emitters, components emitter and into the room. Incr Please note: the book, by Stern and Ray, is an authorised guide to 


AA3 OPTIONAL MAINS POWER 
SUPPLY PARTS SET £6.80 + VAT. 


POWERFUL AIR 
IONISER 


FEATURED IN ETI anti-tamper loop, delay waming and control-box protection. Green rectangular LEDs 
JULY 1986 for bar-graph displays. 
The parts set includes ail four PCBs and all components to go on them. Other 50 for £3.50 500 for £25 
lons have been described as parts (case, switches, etc.) are available separately, if you haven't got a FEATURED IN ET! 
100 for £6 1000 for £45 AUGUST 1987 


‘vitamins of the air’ by the 
health magazines, and have 


been credited with everything instructions. f The most antonishing project ever to have appeared in an 
from curing hay fever and asthma to improving concentration and Assorted Smm LEDs: red, green, yellow and orange. electronics magazine. Similar in principle to a medical EEG 
putting an end to insomnia. Although some of the claims may be BB1 PARTS SET £12.80 + VAT 25 of each (100 LEDs) for £6.80 machine, this project allows you to hear the characteristic 


exaggerated. there is no doubt that ionised air is much cleaner 
and purer, and seems much more invigorating than ‘dead air. 

The DIRECT ION ioniser caused a great deal of excitement when 
it appeared as a constructional project in ETI. At last, an ioniser 
that was comparable with (better than?) commercial products. 
was reliable, good to build . . . and fun! Apart from the serious 
applications, some of the suggested experiments were outrageous! 


We can supply a matched set of parts, fully approved by the 
designer, to build this unique project. The set includes a roller 
tinned printed circuit board. 66 components, case. mains lead. 
and even the parts for the tester. According to one customer, the 
set costs ‘about a third of the price of the individual components 
What more can we say? 


PARTS SET WITH BLACK CASE £12.60 + varT'"“'4ded 
PARTS SET WITH WHITE CASE £12.80 + VAT 


Instructions 





BURGLARBUSTER 


Be safe from intruders with our Burglar Buster alarm system! It has all the 
features you'd expect from a high-tech alarm: entry and exit delay, 


Tel: (0600) 3715 


anything suitable in your spares box. Set contains 4 PCBs, ICs, transistors, 
relays, capacttors, resistors, diodes, regulator, piezo sounder and full 





effectiveness of any ioniser by five times! 






LEDs 


DIGITAL AND AUDIO EQUIPMENT LEDs 





U.K. orders: please add 80p post and packing 
and 15° VAT to total. 
Eire and overseas: 
no VAT. Carriage and insurance £4.50. 
Please allow up to 14 days for delivery. 


KGONIDUIGUOIRS 





LIMITED 


SALES DEPT., ROOM 111 ,FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT. 
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the potential of bio-feedback techniques. It is not a hobby book, 
and will only be of interest to intelligent adults. 






rhythms of your own mind! The alpha, beta and theta forms can 
be selected for study and the three articles give masses of 
information on their interpretation and powers. 

In conjunction with Dr. Lewis's Alpha Plan, the monitor can be 
used to overcome shyness. to help you feel confident in 
stressful situations, and to train yourself to excel at things you're 
‘no good at’. 

Our approved parts set contains case, two PCBs, screening can 
for bio-amplifier. all components (including three PMI precision 
amplifiers), leads, brass electrodes and full instructions. 


PARTS SET £39.80 +VAT ALPHA PLAN BOOK £2.50 
SILVER SOLUTION ‘tor piating electrodes) £3,80 + VAT 


Parts set availabie separately. We also have a range of accessories. 
professional electrodes, books, etc. Please send SAE for lists, or 

SAE + £2 for lists. construction details and further information (free with 
parts set). 
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PCB SERV 


Printed circuit boards for certain constructional projects are available 
from the PCB Service, see list. These are fabricated in glass fibre, and 
are fully drilled and roller tinned. All prices include VAT and postage and 
packing. Add £1 per board for overseas airmail. Remittances should be 
sent to The PCB Service Everyday Electronics, 6 Church Street, 
Wimborne, Dorset BH21 1JH. Cheques should be crossed and made 
payable to Everday Electronics (Payment in £ sterling only). 

Boards for some older projects — not listed here — can often be obtained 
from Magenta Electronics, 135 Hunter St., Burton-on-Trent, Staffs DE14 
2ST. Tel: 0283 65435 or Lake Electronics, 7 Middleton Close, Nuthall, 
Nottingham NG16 1BX. Tel: 0602 382509. 


NOTE: While 90% of our boards are now held in stock and are 
dispatched within seven days of receipt of order, please allow a 
maximum of 28 days for delivery — overseas readers allow extra if 
ordered by surface mail. Please check price and availability in the latest 
issue before ordering. We can only supply boards listed in the latest 
issue. Boards can only be supplied on a payment with order basis. 


PROJECT TITLE Order Code | Cost | 
200MHz Digital Frequency Meter 548 s«dd £514 


Automatic Car Alarm £3.00 
£3.00 
£3.88 


BBC 16K Sideways RAM 
(Software Cassette) 

554 & 555 

556 


557 
558 


Computer Buffer/Interface 560 
Infra-Red Alarm: Sensor Head 561 £4.19 
PSU/Relay Driver 562 £4.50 


Experimental Speech Recognition £4.75 
Bulb Life Extender £3.00 
Fridge Alarm £3.00 
EE Equaliser-loniser £4.10 
567 £3.00 

568 £3.97 


Mini Disco Light 
Visual Guitar/Instrument Tuner 

Fermostat 569 £3.34 
EE Buccaneer Metal Detector 570 £4.10 
Monomix 571 £4.75 


572 £4.21 
573 £3.32 


575/576 £4.90 


577 £4.41 
Burst Fire Mains Controller 578 £3.31 
Electronic Analogue/Digital Multimeter 579 £6.40 


580 “£3.32 
581 £4.83 


582 £3.77 
£3.00 


£4.10 


Mini Amp 

Video Guard 

Spectrum I/O 

Spectrum Speech Synthesiser 


£3.32 


Super Sound Adaptor Main Board 
PSU Board 
Simple Shortwave Radio, Tuner & Amplifier 


Noise Gate SEPT ‘87 


Transtest 
Video Controller 


Accented Metronome 
Acoustic Probe 
BBC Sideways RAM/ROM 


Pseudo Echo Unit 

Dual Mains Light Flasher 
Twinkling Star 

Audio Sine Wave Generator 


DEC ‘87 


JAN ‘88 590 £4.10 
591 £5.51 
592 £3.00 
£4.01 
£3.55 
Semiconductor Tester 


594 £3.19 
SOS Alert 


, 595 £3.00 
Guitar/Keyboard Envelope Shaper 596 £4.23 


Capacitance Meter 
Bench Amplifier 
Transistor Curve Tracer 


Bench Power Supply Unit 
Game Timer 


597 £6.65 
598 £3.00 
574 £3.00 


Stereo Noise Gate 
Pipe & Cable Locator 
Inductive Proximity Detector 


Multi-Chan Remote Light Dim 
Transmitter 
Receiver 
Door Sentinel 
Function Generator — Main Board 
Function Generator — Power Supply 
Super Sound Effects Generator 


684 





| Programmable Pocket Timer 


Multi-Chan Remote Light Dim 
Relay/Decoder 
Dimmer Board 
Power Supply 
Mother Board 
Headlight Reminder 


Video Wiper 
Isolink 


JUNE ‘88 


612 £6.75 
613 £4.21 


AUG ‘88 


617 £4.27 
618 £6.77 

Monae [620 | £4.07 

Doorbell Delay. * 

Micro Alarm 


Infra-Red Object Counter Trans \ 


Tea Tune 
Time Switch 
Suntan Timer 
Car Alarm 


Breaking Glass Alarm 
Amstrad PIO 


Eprom Erager 


£9.28 


iver 
Receive ac ap cat 


Display 
Seashell Sea Synthesiser 


Reaction Timer Main Board 
Display Board 

Downbeat. Metronome 

EPROM Programmer (On Spec) 


Phasor 


Monkey/Hunter Game 


634 £3.36 


FEB ‘89 619 £2.67 
635 £7.67 
636 £3.23 


637 


Continuity Tester 
4-Channel Light Dimmer 
Mini PSU 


Sound-to-Light Interface 
Midi Pedal 639 
Midi Merge 640 
Audio Lead Tester 641 


Light Sentinel 
Main Control Board 
Remote Interface (4 boards) 

Electron User Port 

4-Channel Auto-Fader Interface 


MAR ‘89 


632 
633 
638 
642 


644 £3.00 
645 £4.84 
628 £7.87 
647 £4.95 
64g | £3.82 


649 £3.85 
£5.23 


£3.73 


Pet Scarer 
Electron A/D Interface 


Spectrum EPROM Programmer 
Bat Detector 


Electronic Spirit Level 
Distance Recorder 
Treasure Hunter 


Xenon Beacon 
Probe Pocket Treasure Finder 
— Fixed Voltage 


Power Supplies 4 _ Variable Voltage 


Music on Hold 
Power Supplies — 25V 700mA 
— 30V 1A 
EE Seismograph — Control 
— Detector 
Lego/Logo & Spectrum 





EE PRINTED CIRCUIT BOARD SERVICE 
| Please send me the following p.c.b.s. 
| Make cheques/PO payable to: Everyday Electronics 
| (payment in £ sterling only) 


| 
| 
| 
| 
Order Code Project Quantity Price | 
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JIDENCO CD 


The Components Division of Jidenco Machines International Ltd 
Vale Road, Windsor, Berks SL45JW. Tel 0753869723 Telex 847046 Fax 0753 830107 





| 


Mon/Fri 8.00am-5.30pm. Monitored Answerphone evenings/weekend. 


ALARMS Fuses NEON INDICATORS. 
WITH BUILT-IN DRIVE GLASS QUICK BLOW ROUND, SQUARE, 9, 12mm, 110v, 240v. 
REED BUZZER PCB/LEADS 3,6,9,12,24v 79p  50mA-6.3A (5x20) 10p RED, GREEN, AMBER, CLEAR 50p 
PIEZO DISC PCB/LEADS 3-28v 97p  100mA-15A (4x 1%) 10p 
PIEZO DISC PCB/LEADS 5-15v 95p 
COIL AND DIAPHRAGM PCB 6, 12v 98p irds'g bee 7 RELAYS. 
mA-6. x p 
48VDC 3A 14 PIN PLUG-IN £3.59 
PIEZO CERAMIC PCB/LEADS 51p 
COIL AND DIAPHRAGM PCB 6,12v 48p 240VAC 3A 14 PIN PLUG-IN £3.98 
MAINS FUSES TO BS 1362 ASTA APPROVED SCREW TERMINAL BASE FOR ABOVE £2.78 
BULBHOLDERS 3,5,13A PACK 10 £1.00 ppoT 12VDC 10A ROUND 8 PIN PLUG-IN £4.08 
FOR T3 14 (10mm) WEDGE BASE BULBS FUSEHOLDERS 24VDC 10A ROUND 8 PIN PLUG-IN £4.08 
PANEL MOUNT (20mm CUTOUT) SPADE TERMS. 18) eee 48VAC 10A ROUND 8 PIN PLUG-IN £4.08 
PCB MOUNT 290  PCBCLIP HOLDER 7p 110VAC 10A ROUND 8 PIN PLUG-IN £4.13 
BULBS FOR THE ABOVE 6.5/12/24/28v 15p HOOD FOR PCB CLIP HOLDER 4p 220VAC 10A ROUND 8 PIN PLUG-IN £4.20 
PANEL MOUNT (SCREWDRIVER RELEASE) 42p 240VAC 10A ROUND 8 PIN PLUG-IN £4.20 
CAPACITORS PANEL MOUNT (FINGER RELEASE) 29) | SCREW TERMINAL BASE FOR ABOVE £1.87 
i PCB MOUNT — VERTICAL, HORIZONTAL 39p 
a ine ree F PACK 50 £1.25 ia Lord age obne limela aa 
v p : 24VDC 10A ROUND 11 PIN PLUG-| ; 
CERAMIC PLATE 1nF PACK 50 £1.25 INSTRUMENT CASE HANDLES 48VDC 10A ROUND 11 PIN PLUG-IN £4.49 
ELECTROLYTIC RADIAL 35v 2200pF 40p POLISHED CHROME-PLATED MILD STEEL 24VAC 10A ROUND 11 PIN PLUG-IN £4.49 
50v 2200pF 407s w4i11.H 33.5 DIA95 FC.101.6 £2 69 48VAC 10A ROUND 11 PIN PLUG-IN £4.49 
25v 10pF PACK 10 50p Te ee ee Ee 110VAC 10A ROUND 11 PIN PLUG-IN £4.61 
1 oa PACK 10 yn LEDS. 220VAC 10A ROUND 11 PIN PLUG-IN £4.68 
v 4700uF po ee 240VAC 10A ROUND 11 PIN PLUG-IN £4.68 
ELECTROLYTIC AXIAL 16v 100pF PACK 10 70p LOW COST 3 or 5mm SCREW TERMINAL BASE FOR ABOVE £2.24 
16v 2200uF = PACK 5 £1.00 RED, GREEN, AMBER, YELLOW PACK 20 £1.00 
16v 4700yF 40P — BICOLOUR 5mm RED/GREEN 3 LEADS 45) PCB SPDT 8A 24VDC FLATPACK £2.00 
TANT BEADS 16v 2.2/4.7/10uF PACK 20 £2.00 SUPERBRIGHT 3 OR 5mm PCB SPDT 16A 24VDC UPRIGHT £2.13 
MONOLITHIC 50v 1yF ; PACK 10 60p RED, GREEN, AMBER, YELLOW 10p 
POLYESTER RAD (5mm) 100pF5%63v PACK 10 80p 8mm RED, GREEN, AMBER, YELLOW 38p 
RESISTORS. 
ath LED MOUNTING CLIPS CARBON FILM 
oie A L 
MICROPROCESSOR QUARTZ aes inee USE V4 WATT 5% 1R1/10M SINGLE VAL. PACK 50 50p 
32.768KHZ TO 116.00MHZ P.o.A. FOR3OR 5mm LEDS PACK 10 50p 
TTL CLOCK OSCILLATORS FOR 8mm LEDS PACK 10 60p 
1.00MHZ TO 82.3782MHZ P.0.A. ROCKER SWITCHES WITH BLACK BEZELS. 
PLEASE SPECIFY PACKAGE SIZE AND TOLERANCE LED INDICATORS. aac da 35jes ARR 
VERY LOW PRICES — PLEASE ENQUIRE ae en nee DPST SUBMINATURE (15.9 x 13.3 CUTOUT) 43p 
3mm LED IN 6mm CHROME PROMINENT HOUSING oat meatune ( ok : ee 35p 
DIP SWITCHES RED, GREEN, YELLOW 73p p 
ene eT 3mm LED IN 6mm CHROME RECESSED HOUSING SPST STANDARD (28.5 x 11.7 CUTOUT) 33p 
PIANO DIP 2 POLE 46p SLIDE DIP 2 POLE 38p RED, GREEN, YELLOW 73p SPST STANDARD ILLUMINATED 88p 
4POLE  62p 4POLE  48p 5mm LED IN 8mm CHROME PROMINENT HOUSING DPST STANDARD (27.5 x 22.4 CUTOUT) 44p 
6POLE /72p 6POLE S3p RED, GREEN, YELLOW 55p | DPST STANDARD ILLUMINATED £1.22 
8POLE —80p - 8POLE = 62p 5mm LED IN 8mm CHROME RECESSED HOUSING 55p INDICATOR SUBMINATURE RED, GREEN 63p 
ALL SWITCHES HAVE GOLD CONTACTS. INDICATOR STANDARD SINGLE RD/GN/AMB 48p 
see 7 -acuankiar igen irk ane BOT MATL INDICATOR STANDARD DOUBLE RD/GN/AMB 80p 
on KDS oH 8mm SINGLE DIGIT 
hi en glib ial 14.22mm SINGLE AND DOUBLE DIGIT TOGGLE SWITCHES. 
TOSHIBA NDO4DT 0.5MB £85.15 
NEC FC1057 1MB £76.00 6.4mm DOUBLE DIGIT 12mm DIA CUTOUT 
SWITCHABLE 6.4mm TRIPLE DIGIT SPDT 53p 
TOSHIBA NDO8DE 1MB-1.6MB £95.75 a sgnuail ss ALLPOA = pPDT 95p 
ITSUBISH! MF504C-312M 1MB-1. 2.0 
ae i i ali SPECIFY COMMON ANODE/CATHODE 
3.5” DS SPECIFY BLACK/GREY FACE MISCELLANEOUS. 
TOSHIBA ND 352T 1MB £76.00 SPECIFY COLOUR inci Spa 
NEC FD 1037A 1MB £71.42 R105 THERMAL CUTOUT 3A 250V 1100C 
MONITORS RADIAL LEADS 5mm PITCH 45p 
FANS — DC AXIAL BRUSHLESS TIL139/OPB703A REFECTIVE OPTO SWITCH 
ae MONOCHROME TRANSISTOR OUTPUT IR FILTER 30v MAX £1.50 
40 x 40 x 10mm 12vde £11.25 TAXAN KX 118 12” GREEN £88.00 PCB CERMET TRIMMER 1 TURN 1K 35p 
40 x 40 x 20mm 12,24vdc £11.25  TAXAN KX 123 12” GREEN (IBM COMPAT) £100.80 DIN 41612 RIGHT ANGLE CONN 2 x 32 WAY £1.00 
62 x 62 x 15mm 12,24vdc £11.25 Loop og 124 12” AMBER (IBM COMPAT) £100.80 T1P 31 POWER TRANSISTOR NPN 40v 16p 
80 x 80 x 20mm 12,24vde £11.25 ; MBM27C512-25 FUJITSU 64K x 8 EPROM £5.75 
90 x 90 x 20mm 12,24vdc £11.25  TAXAN SUPERVISION 625 12” HIGH RES. £303.60 CHERRY PEFA 3000 SUBMINATURE PANEL 
VERY QUIET TAXAN SUPERVISION 760 14” EGA £451.00 MOUNT PUSH BUTTON COUNTER. MODULAR 
BIG DISCOUNTS FOR LARGER QUANTITIES — POA. N.B. CARRIAGE IS £8.00 ON ALL MONITORS TO MAKE 2-5 DIGITS. CUTOUT 22 x 7.62 £3.45 


Order by Access or Visa or in writing enclosing cash, cheque or PO. No minimum cash order. Minimum credit card or account order £10.00. 
Account applications from approved organisations and companies welcome, as are trade enquiries. 


7 a ea ccc ca cacaccacaaaaasaccsaaaaaal, 


Payment:- Add £1.00 P&P (unless otherwise shown) to all orders and then add VAT (15%). Prices:- Are for 1 off unless a Pack Oty is shown. 


Discounts for larger OQtys. See our catalogue or phone. All components are brand new. 





Send £1.50 for our full catalogue which includes discount vouchers — 50p off £5.00+ order, £1.00 off £10.00+ order, £5.00 off £50.00+ order. 
Prices valid on all orders received before 31st December 1989. Our product range is continually increasing — please enquire for other items. 


ee 
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EVERYDAY 





ELECTRONICS 








Reach effectively and economically today’s enthusiasts anxious to know of your products and services 
through our semi-display and classified pages. The prepaid rate for semi-display spaces is £8.00 (plus VAT) 


per single column centimetre (minimum 2.5 cm 


(plus VAT) per word (minimum 12 words). 
All cheques, postal orders, etc., to be made payable to Everyday Electronics. VAT must be added. Advertise- 
ments, together with remittance, should be sent to the Classified Advertisement Dept., Everyday Electron- 
ics, 6 Church Street, Wimborne, Dorset BH21 1JH. Tel: (0202) 881749. 


). The prepaid rate for classified advertisements is 30 pence 





A & G ELECTRONICS LTD. 


If you are buying Electronic Components 
elsewhere you are almost certainly paying 
too much! Write to us for a free 1989 
catalogue and start saving money. (Please 
send two 19p stamps towards postage.) 
100 Park Avenue, London E6 2SR 
Tel 01-552 2386 


WALTONS OF WOLVERHAMPTON 


Established since 1947 —- offering a 
complete range — |.C.s, transformers, 
switches, pots, capacitors, resistors, kits, 
speakers, test equipment, books and lots, 
lots more! 

COME AND SEE US AT: MON-SAT 9-6.00 pm 
55A WORCESTER STREET, 

WOLVERHAMPTON TEL: 0802 22039 





ELECTRONIC COMPONENTS 
EVERYTHING FOR YOUR NEXT PROJECT 


THE BIGGEST DISPLAY IN THE SOUTH 
IS AT 


FRASER ELECTRONICS 


42 ELM GROVE x SOUTHSEA «x 
| HANTS 
wae Telephone 0705-815584 KN 





SALE OF SURPLUS COMPONENTS Send 
for details. Also our popular G.C.S.E. elec- 
tronics kits. Sir-Kit Electronics, 70 Oxford 
Road, Clacton, CO15 3TE. 


RCS VARIABLE VOLTAGE 0.0. BENCH POWER SUPPLY 
1 to 24 volts up to 2 amp. 1 to 20 volts up to 1 amp. 1 to 16 volts 
up to 1!2 amps A.C. Fully stabilised. Twin panel meters for instant 
voltage and current readings. Overload protection. 

Fully variable. 

Operates from 

240V AC. : 















Compact Unit. a 
size9x52x3in. ee 









neces 337 WHITEHORSE ROAD, CROYDON 


TW ravviagts. 
SURREY, U.K. Tel: 01-684 1665 Bae 


List, Large SAE. Delivery 7 days. Callers welcome. Closed Wednesday 


SERVICE 
MANUALS 


Most available for Amateur Radio, 
Military Surplus, Test Equipment, 
Vintage Valve, Colour TV, Mono TV, 
Video Recorders etc. etc 


Over 100,000 stocked. LSAE Enquiries 
with Make/Model wanted. 









FREE catalogue unique repair and data 
guides for LSAE 


MAURITRON (EE) 


8 Cherry Tree Road, Chinnor, 
Oxon OX9 4QY 


Tel: (0844) 51694 
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***RESISTOR PACKS*** 


VaW 5% CARBON FILM 
E12 range 10R to 10M 


10 of any 1 value 6p 


10 OF EACH VALUE 
Total 730 resistors £3.95 


Add 35p p&p and 15% VAT 


RMOS P.O. BOX 3 
USK GWENT NP5 2YF 













FROM DINKY TWEETERS TO MASSIVE 

WOOFERS 

THEY ARE ALL IN OUR LATEST 

ILLUSTRATED CATALOGUE OF 

QUALITY SPARES AND 

ACCESSORIES. SEND TODAY 

ONLY 75p 
FAST BY-RETURN SERVICE 


STRACHAN ELECTRONICS (EEW) 
9 CROALL PLACE, LEITH WALK 
EDINBURGH EH7 4LT 


LEARN 


ELECTRONICS WITHOUT 
SOLDER ag 


Build electronic 

Circuits without solder 

on a S-Dec. 

This has built-in 

contacts and holes into 

which you plug your components. sd 
Suitable for all ages. Can be used 

time after time. Ideal gift for 

students or experiments. 

Full instructions and 2 circuit 


diagram with each S-Dec. at ‘ 
Send Cheque or P.O. to:- : < tS ae 
£5 ta including p & p 


Vistaplan, Dep EE 
High March, Daventry, 
Northants. NN11 4QE 
NEW VHF MICROTRANSMITTER KIT 
Tuneable 80-115 MHZ, 500 metre range, sensitive 
electret microphone, high quality PCB, SPECIAL 
OFFER complete kit ONLY £5, assembled and ready 
to use £8.95 post free. Access/Visa orders telephone 
021 411 1821 (24hrs). 
Cheques/P.O.s payable to: 


QUANTEK ELECTRONICS LTD 
(Dept. EE), 45a Station Road 
Northfield, Birmingham B31 3TE 





MARAPET 


COMPONENTS — TOOLS — ACCESSORIES 
. . THIS MONTHS SPECIALS INCLUDE . . 

The UNIROSS KB68PF BATTERY CHARGER — ‘FAST’ 
charge AA & AAA rechargeable batteries in just 5 hours. 
Features an integral mains plug — charging LED's. 
Reverse polarity protected. 

ONLY £6.29 — POST FREE 
RECHARGEABLE NI-CAD. BATTERIES — POST FREE 

Size: RX6/AA (HP7) 
Size: RX14/C (HP11) 
Other sizes available 
THIS IS JUST THE TIP OF THE MARAPET ICEBERG. Our 
full price list is sent FREE with above orders, or simply 
send 2 X 19p stamps for your copy. 
NOVAT MAILORDERONLY OFFERS END 31/10/89 
Dept. EE, 1 HORNBEAM MEWS, GLOUCESTER GL2 0UE 





TECHNICAL INFO SERVICES (EE) adie 


76 Church St., Larkhall, Lanarkshire ML9 1HE 
Phone 0698-884585 Mon-Fri, 9-5, 
= other time 0698-883334, FOR FAST QUOTES 
WORLD'S LARGEST COLLECTION SERVICE MANUALS—Most unobtainable 
elsewhere. Prices range from only £4.50—large s.a.e. any quotation, no obli 
gation to buy. 
WORLD'S SOLE Suppliers of TV & Video Repair manuals, etc. from TV TECHNIC, 
also such publishers as Heinemann, Newnes, TV Technic, Thorn etc. Every 
published service sheet in stock, supplied full size, not bits & pieces. CTV's or 
any combination £3.50 plus Lsae; any other single item £2.50 plus Lsae. Com- 
plete Circuit Sets for most Videorecorders only £7 set (no serv shts made) 
LSAE for QUOTATIONS pius GIANT CATALOGUE — NEWSLETTERS — 
BARGAINS — FREE S/Sht as available. 


Comprehensive TV Repair Manual £9.50. Complete Radio Service and Repair 
Course £9.50. Complete Repair & Service Manuals—Mono TV £12.50; CTV 


£17.00; Video £19.50. Complete Repair Data with circuit— Mono TV £9.50; CTV 
£12.50; Video £10.50. 
£3.00 plus LSAE BRINGS THE ONLY COMPREHENSIVE SERVICE SHEETS 
& MANUALS, CATALOGUES ae Pes a GUIDE and £4.00 OF 
vou 





FOR SALE 
PART TIME MONEY SPINNER 
This business would ideally suit someone 
with reasonable knowledge of micro- 
processor/digital electronics specifically 
6800 series, who wants to turn electronic 
skills into cash, on a part time basis. 
A mail order specialist computer repairs 
business with net annual profits of £10,000 


per annum. 
The sale includes full test equipment, all 
circuit diagrams, customer mailshot/ 


database listing, miscellaneous spares and 
stock equipment. 

Everything to start you off — at a price of 
£4,500 (no liabilities attached). 

For details ring 0636 84220. 





Kits 


KITS, MICROTRANSMITTER, v.h.f./f.m., 
25x15mm, £3.95. We also stock telephone 
transmitters/recording switches, bleepers, 
radio transmitting alarms, circuit diagrams, 
etc. Kits and built available. Send s.a.e. to 
A.C.E., 99 Greenheath, Hednesford, Staffs. 





Miscellaneous 


SLIDER CONTROL AUDIOAMP £3.99 
with mounted loudspeaker assembled 
KIA. 8 Cunliffe Road, Ilkley LS29 9EA. 
Design by Keith Lawrence. 

TRANSMITTER CIRCUIT DIAGRAMS 
— F.M., Medium, Shortwave, C.B., some 
crystal controlled, minimum 17 circuits. 
Includes constructors’ guide. Cheques/ | 


P.O.’s, £6.25 to D. Davies, 
33. Gwaelodygarth, Merthyr Tydfil 
CF47 8YU. 


Situations Vacant 


ELECTRONICS TRAINER 
AT CAMDEN ITEC 


Camden Itec is one of 175 training schemes in Information 
Technology for young people aged between 16 and 18. It has 
European links especially with Denmark. We are looking for 
someone who has practical experience of Digital, Analog, and 
mechanical systems to work in our hardware department. 


Applicants should preferably have an ONC/HNC or City and 
Guilds full technical certificate in electronics. 

Hours 9.00am to 5.00pm five days a week. Holidays 6 weeks per 
year. 

Salary on scale 10,162-14,344. 

Further information from Ross on 01-485 3324. 

Send C.V. to Camden Itec, 7 Leighton Place, London NW5 2QL. 
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NATIONAL COMPONENT GUUS 


RS) ad od OF 72 AO) od ool wed nfo ete) od oh OF +) OO) od ool ed Pe) 
SCANNER KIT(T) | 


A complete, six channel LED chaser kit for less than a fiver! 
The kit comes complete with all components, including PCB 
and instructions simple enough for even a complete novice. 
Works from 6-15vdc. 


Only £4 
MAINS POWER SUPPLY FOR ABOVE £1] 
gS) od = OF) MO) od od ol od -\ OF 
J0Q § ASSORTED CAPACITORS £Y 
$0 ASSORTED TRANSISTORS £1] 


LED's (5mm red or green) 
555 TIMER IC's 
741 OP-AMPS 
FREE MYSTERY PACK WITH 


ALL ORDERS OVER £6 


Please add £1 P&P, but do not add VAT. 
P.O. or cheque to: NATIONAL COMPONENT CLUB, DEPT EE, 
BAILEY HILL, CASTLE CARY, 
SOMERSET BA7 7AD 


We now accept Access - phone (0963) 51171 
s¢ FREE CLUB MEMBERSHIP 


Just phone above number or write for details 


A Fair Deal For 
Ott mms Veh“s wahis a; 





No guesses, no wishful 
thinking —the circulation of 
this magazine is audited to the 
strict professional standards 
administered by the Audit 
Bureau of Circulations 


The Hallmark of Audited Circulation 


OMNI ELECTRONICS 


174 Dalkeith Road, Edinburgh EH16 5DX -031 667 2611 








Have you sent for your copy of our 
catalogue yet? 


If not, simply send 2x 19p stamps 
for a copy by return. 


A COMPREHENSIVE RANGE 


WITH SERVICE SECOND TO 
NONE 


Open: Monday-Friday 9.00-6.00 
Saturday 9.00-5.00 


EN 


Deol 
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SHERWOOD ELECTRONIC 


COMPONENTS 
45 Rutland St., Mansfield, Notts NG18 4AP 


SPECIAL PACKS — Bigger ADDITIONAL PACKS 
selection, 255mm Red LEDs £2.00 


25x5mm Green LEDs 
better value. All at £1 each 
SP1 12x5mm Red LEDs 


50 x Rad. Elec. Caps. 

30xI.C. sockets—8 pin, 14 pin, 
12x5mm Green LEDs 16 pin (10 off) 
12x5mm Yellow LEDs 1X TIL38+1xTIL100 
10x5mm Amber LEDs |.R. emitter+sensor 
365mm 1 part LED clips 
123mm Red LEDs 


RESISTOR PACKS 
12x3mm Green LEDs 0.25W Carbon Film resistors 10R-10M 
10x3mm Yellow LEDs 


, 5 each value — total 365 

403mm 1 part LED clips 10 each value — total 730 
50x 1N4148 signal diodes 1000 popular values 
25x 1N4001 rectifier diodes 
25x 1N4002 rectifier diodes 
25x Rad.Elec.Caps. (1-1000.uF) 
20x 2K2 Min. Hor. presets 0.1W 
20x 4K7 Min. Hor. presets 0.1W 
20x 100K Min. Hor. presets 0.1W 
12x BC182 Transistors 
12x BC183 Transistors 
12xBC184 Transistors 
10x BC212 Transistors 
10x BC214 Transistors 
10x BC549 Transistors 

5xCmos 4001 

5x 555 Timer 

5741 Op-Amp 

5xCmos 4002 

5xCmos 4011 

3xCmos 4013 

5xCmos 4025 

4xCmos 4071 

4xCmos 4077 

4xCmos 4081 

2xCmos 4510 

2xCmos 4511 
20x 10uF/25V Rad.Elect.Caps. 
15x 100uF/35V Rad.Elect.Caps. 
20 x 47uF/25V Rad.Elect.Caps. 
12x 470uF/16V Rad.Elect.Caps. 
10x BC237 Transistors 
25x mixed 

2xLM1458 
12x5mm Leds-4 each, Red, Green 


Individual resistors 
10+ one value 
100 one value 


747 65p 
CA3140E 45p 
CA3240E £1.25 


5x miniature push button switches 
SP102 15x8 pin DIL sockets 
SP103 12x14 pin DIL sockets 
SP104 12x16 pin DIL sockets 
1 pack of your choice FREE when you buy any 
10 of the above packs. 


Cheques or P.O. to: 
SHERWOOD ELECTRONIC 


COMPONENTS : 
Please add £1 P&P NO VAT 


PRASER ELECTRONICS 


42ElmGrove Southsea Hants PO51JG 


This only a small sample of components 
stocked, send 75p for new 1990 catalogue, 
contains vouchers redeemable against 
orders over £5.00. 
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BUDGET PACK SELECTION 


The packs listed below are selected from our full list of 140 
packs (sent free with all orders). Note that our prices include 
VAT and carriage charges—NO HIDDEN EXTRAS. All orders 
subject to a minimum value of £3.00. Access and Barclaycard 
accepted—and you can ‘phone orders to 


Portsmouth (0705) 815584 


from 9.00am ‘till 5.30om any weekday 


Qty. Device Description 
50 1N4004_ Rectifier diode 1A/400V £2.00 
12 BC327 PNPO.8Atransistor £1.00 
14 LEDMIX 7ea.3mmred&greenLED £1.00 


2 ORP12 _Lightdependendentresistor £1.80 
10 555 8-pin DIP timer £1.80 


10 741 8-pin DIP op.-amp £1.80 
5 “Set 9tX 24h. stripboard £1.00 


2 Z80CPU 2.5MHz 8-bit wproc. £2.00 
12. DIL-14 —_14-pin DiL socket £1.00 


5 DX25PZ D-minRS232 solder plug £2.00 


Cost 
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BICC — VERO ELECTRONICS .... 635 
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BTEC ELECTRONICS 
TECHNICIAN 
FULL-TIME TRAINING 


MAKE YOUR INTERESTS PAY! 


More than 8 million students throughout the world have found it worth their 
while! An ICS home-study course can help you get a better job, make more 
money and have more fun out of life! ICS has over 90 years experience in 
home-study courses and is the largest correspondence school in the world. 
You learn at your own pace. When and where you want, under the guidance 
Of expert ‘personal’ tutors. Find out how we can help YOU. Post or phone 
today for your FREE INFORMATION PACK on the course of your choice. 








2 YEAR 
BTEC National Diploma (OND) 
ELECTRONIC & 
COMMUNICATIONS ENGINEERING 


CHAFFORD VALLEY 


r ee oe oe he ne he oe ee ee ee ee ee a ne ae le le le le (Electronics, Computing, Television, Video, Testing & 
GCSE /GCE/SCE CAR MECHANICS -- 7, [ae 688 Fault Diagnosis) 
I ELECTRONICS COMPUTER ES HB] | CIRKIT DISTRIBUTION ...sscsesae 672 
y BASIC ELECTRONIC ENGINEERING — PROGRAMMING cee }_| g] | CRICKLEWOOD ELECTRONICS . 665 1 YEAR | 
(City & Guilds) TV, VIDEO & HI-FI CROTECH INSTRUMENTS ......... 637 BTEC National Certificate (ONC) 
I ELECTRICAL ENGINEERING SERVICING i no para so ELECTRONIC ENGINEERING 
a Reka oe abi  oca LICENCE EXAM EVERETT WORKSHOP ACCESS 659 ting tee Suen Po Mencen vale oa 
FRASER ELECTRONICS .............. 687 , : : 


GREENWELD 

ETP OAAD Secssssesesescesionsseece 621 
HART ELECTRONIC KITS ............ 637 
HIGHGRADE COMPONENTS ...... 620 
HUMBERVALE ENGINEERING ... 688 


SERRA EER SERENE EERE EEE R EES O OO REEE EEE E OBER ES 


gp COUSE OF IMEOTESE os cee riaiesutisconciscessntargcecseganen ia inca ail ale eeeNRES oa 
NONE 0 i:scvinzcicn consis tavideen las eausake ones ye eemen akon 
§ 


ADDESS: ole ev ces ees Seite PE i ci abe Ss ag 
International Correspondence School, Dept ECSA9. 312/314 High @ 
Street, Sutton, Surrey SM1 1PR. Tel: 01-643 9568 or 041-221 2926 (24 hrs) J 
ma a eee eee ee ee ee ee eee ee ee ee ee Pd , 


is nar tok ee ee 


2—ELECTRONIC EQUIPMENT SERVICING 
(Electronics, Television, Video Cassette Recorders, CCTV, 
Testing and Fault Diagnosis) 


3—SOFTWARE ENGINEERING 
(Electronics, Assembler, BASIC, Pascal, CADCAM) 


“ 4—COMPUTING TECHNOLOGY 
(Electronics, Computing Software/Hardware, Microelectronics) 





CEPR NCEE R ROR eRe ER eee eEEeReeES 


Varta Mempak nic. cad. rechargeable batteries 3.6V 100MA. ........cssceseeseercenereessereneeeees 1.85p 
Miniature 3V DC Electric Motor with stabilising Capacitor. Approx. Dimensions, 

Length 42.5mm, Width 32mm, Shaft 10mm 

4 Way 13amp Extension Block fitted with 2MTRS 13amp 3 core flex and a 13amp Plugtop £6.50 
2 Way 13amp 10MTR Extension Reel with Safety Cut Out £12.95 
2 Way Powerline Professional 25MTR 13amp Extension Reel with Cut Out 

QUALITY SCREWDRIVER SET Manufactured in West Germany to Din Standards. Rated at 
1000V consisting of Four Parallel Blade Drivers, Blade sizes 75mmX2.5mm, 100mm x4mm, 
125mmx5.5mm, 150mmx6.5mm, Two Cross Point, Blade Sizes 80mmx5mm, 
100mm xX6mm, One 70mm 240V Mains Screwdriver 

LONG NOSE PLIERS 8’(200mm) 1000V 

SIDE CUTTERS 612"(160mm) 1000V £4.67 each 
WIRE STRIPPER 61/2”(160mm) 1000V £5.50 each 
ANTEX SK5 SOLDERING KIT Consisting of a CS240 17 Watt 240V Soldering iron, 

an ST4 Solder Stand, Approx 1mtr of Solder and a booklet on How to Solder 

ARCOLETRIC ROCKER SWITCHES On/Off snap-in type rated 200/250A.C. 6.3mm tab: 

PACK ONE Consisting of 10 assorted illuminated single-pole rocker switches. 

To fit panel hole approx. 28.2mmxX11.5mm £4.00 per pack 
PACK TWO Consisting of 10 assorted illuminated and non-illuminated 

double-pole rocker switches. To fit panel hole approx. 30mm X22.1mm £6.00 per pack 


KET IAB TERR coi ciescinsorsssarsscssseopece 
LIGHT SOLDERING 
DEVELOPMENTS ....cccscsscscoseeiee 659 
LONDON ELECTRONICS 
stile 622/3 
MAPLIN ELECTRONICS .... Cover (iv) 
MARCO TRADING ......s.sesseseessseees 675 
NATIONAL COMPONENT 
OMNI ELECTRONICS ........c.ccc0e 
PHONOSONICS. |......scscccessascsssess 675 
RADIO & TV COMPONENTS ...... 618 








10 MONTHS 
BTEC Higher National Certificate (HNC) 
COMPUTING TECHNOLOGY & ROBOTICS 
(Microprocessor Based Systems, Control, Robotics) 


These courses include a high percentage of college based 
practical work to enhance future employment prospects 
No additional fees for overseas students 
Shortened courses of from 3 to 6 months can be arranged for 
applicants with previous electronics knowledge 
THOSE ELIGIBLE CAN APPLY FOR E.T. GRANT SUPPORT 
AN EQUAL OPPORTUNITIES PROGRAMME 


O.N.C. and H.N.C. 















SERVICE TRADING CO. ........+000 659 Monday. 18th Septem ber 1989 
Substantial range of SILVA MICA/WAX POLYSTYRENE AND ELECTROLYTIC SHERWOOD ELECTRONIC 
CAPACITORS in stock. Catalogue free with FIRST ORDER. COMPONENTS ...cesccsssssssseesees 687 FULL PROSPECTUS FROM 
CHAFFORD VALLEY PRODUCTS SPECIALIST 


SEMICONDUCTORS .............0+ 683 
STEWART OF READING ..........+ 688 
SUMA DESIGN ..........s:cscssssssssseres 


Preeeeeereeee Pettit 


LONDON ELECTRONICS COLLEGE 
(Dept. EE), 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
Tel: 01-373 8721 


Chafford Lane, Fordcombe, Kent TN3 OSH. 
Tel. 089 2740287 Fax. 089 2740216. 
MAIL ORDER ONLY. ALL PRICES INCLUSIVE VAT. ADD 1.00p P&P UNLESS OTHERWISE 
STATED. TERMS CASH, CHEQUE OR POSTAL ORDER WITH ORDER. 
SCHOOL ACCOUNTS AVAILABLE 










































OSCILLOSCOPES SPECIAL OFFER THE BENCHHAND CLAMP 
seal tran Bhatia Sly Sees HEWLETT PACKARD 
TERTRONIX 468 Dual Trace 100MM Deley Swese £800 | OSCILLATOR TYPE 1740A COPYRIGHT DESIGN (1988) OF HUMBERVALE ENGINEERING 
TEKTRONIX 454 Dual Trace 150MHz Delay Sweep .. £400 
GOULD/ADVANCE OS300A Dual Trace 40MHz Delay Dual Trace 100MHz Delay Sweep. Trigger View £575 


SDS adie wss sess catoy askasncscasdensd essen cajvccessssaubesssovisesaosses £300 
TRIO CS1566A Dual Trace 20MHz Delay Sweep ....... £250 
PHILIPS PM3233 Dual Trace 10MHZ ................ccccscee £200 
TELEQUIPMENT D75 Dual Trace SOMHz Delay Sweep . £275 
KIKUSUI 5530A Dual Trace 35MHZ .............:cccecesecesees £250 
HP 1220A Dual Trace 15MHZ ...........:.ccccscscsceseseseeeeeees £200 
GOULD/ADVANCE 0S1100 Dual Trace 30M ......... £210 
GOULD/ADVANCE OS255 Dual Trace 15M} ........... £210 
COSSOR CDU150 Dual Trace 35MHz Delay Sweep Solid State 

Portable 8 x 100M Display ..........c:ccccsessessssecseseesesneseenees £180 
Optional front cover containing 2 probes etc .................. £10 







HAMEG MODULAR SYSTEM 
HM8001 Main Frame with HM8032 Sine Wave Generator 
20Hz—20MHz; HM8030 2 Function Generator 0.1—1MHz 
Sine/sq/Triangle; and HM8011 2 Digital Multimeter 41/2 digit. 


ONLY £400 


RACAL-NORSK Keyboard. CASED. ASCIl & Function keys. 
Unused. Some info... ONLY £5 each (P&P £3) 
FARNELL SWITCHED MODE PSU 5V 40A& +12V 5A 






























SE LABS SM111 Dual Trace 18MHz Solid State Portable AC foo. cccccccccccecceseccscsssscsesesessenestsnsscencncecsesnens £30 each (P&P £4) 
or external DC operation 8 x 10cm Display .................. £150 OTHER SWITCHED MODE PSUs available. Please enquire. 
SCOPEX 4D10B Dual Trace 10MHZ ............cccceeeeeeeee £150 DISK DRIVES 51/4in DS/DD 80 track ..........cc000 from £50 








MARCONI TF2015 AM/FM 10-520MHz Sig Gen with 
SM CRON AA THAI csaseissssssesacsssssevscsscereoseasecsedes £550 
MARCONI TF2015 without Synchroniser ................000 £425 
MARCONI TF2016 AM/FM 10MHz-120MHz with 
SPN FAVS ossssncssssisesinssssavecssessisscrceseresees £400 
MARCONI TF2016 without Synchroniser ..............000- £300 | Complete with Batteries and Leads ......c.ccsccccsscssseeeeeee £65 
MARCONI/SANDERS SIG SOURCE 6055B. 850-2150MHz | TEST LEADS suitable for AVOMETERS. Red & Black with 2 


ss dasbascevsvabouseseyasaesencepsesdateveasiesvsbntgescseserstsssepathooMicnnyspns £500 Croc-clipS & 2 Prods ......ccccsesseseseseeeseeseeeee £5 (P & P £3) 

til Suleciiccn ey Pronk see vee Black “Ever-Ready” case for AVOs. Unused . £15 (P & P £4) 

HP 620 Signal Generator 7-11GHz nn" gggg | AVO TRANSISTOR ANALYSIS Mk2 CT446 Suitcase style 
Signal Generator 7-11GHZ .....ssscessssssssseene cosnefith ati benterien endaperaine inainesliana 


HP 614A Signal Generator 800-2100MH#2 ..............06+ £450 
FERROGRAPH RTS2 Recorder Test Set. pool Iceman ONLY £25 EACH (P & P £7) 


WOELKE Wow & Flutter Meter ME 108 ...................... £100 








MULTIMETERS var aut avos ¢10) 


AVO 8 Complete with Batteries & Leads ............... From £50 
AVO 8 MkV Complete with Batteries & Leads ............... £90 
AVO TEST SET No 1 (Military version of AVO 8) 





























































LEADER LM 186A Two channel Millivoltmeter sHz-SokHa; NEW EQUIPMENT 

1 INE cc ncsseuavaehids conchevousieiiassessduasioscecsaesibavasacs 

LEVEL TQ200DM iFizciNits SinerSquare 7" $496. | HAMEG OSCILLOSCOPE 604 Dual Trace 60MHz. THE BENCHHAND CLAMP IS A SPRING OPERATED DEVICE,WHOSE 

MARCONI Automatic Distortion Meter TF2937A. 400H2 or | HaMeG OSCILLOSCOPE 203.6. Dual Trace 20Nii2, SPRING IS SET AT OPTIMUM, BUT IS ADJUSTABLE. THE CLAMP | 
MARCONI TF2700 UNIVERSAL LCR Bridge. Battery Operated | COMPOnent Tester with two probes... £314 GRIPS ARE MADE OF CAST ALLOY. SHAPED GRIPS ARE FITTED AS 


All Other Models Available. 


BLACK STAR FREQUENCY COUNTERS (P & P £4) 
Maheor TOG 1QQRIRAZ cisilicsasecickeseliscacecsedesccccscccccnscsees . £99 


J pekaausinvenul pans ¢sistnceueus ravatesvesvnapscaasstesescgaessiinceaneers From £150 
PHILIPS PM6456 FM Stereo Generator .............::ccee 


08 STANDARD AND CAPABLE OF HOLDING MOST SHAPES WITH A 
ADVANCE SG62B AM 150KHz-220Mtz ..... £45 (P & P £7) 


FIRM HOLD TO CARRY OUT A VARIETY OF FUNCTIONS SUCH AS 

























THAS DOGG Ald Mig Gan 100kbie core Ucn. Sha Meteor 600-800MHZ wsvnnnnnsnnnnnnnn £129 SOLDERING, ETC. TWO ‘D’ CONNECTOR SIDE ENTRY SLOTS ARE 
MARCONI ATTENTUATOR TF2162 DC-IMHz 600 Ohm | ei ack STAR JUPITOR 500 FUNCTION GENERATOR. ALSO INCORPORATED. UNSHAPED GRIPS ARE ALSO AVAILABLE 


0-111dB in 0.1dB Steps ...........ccceeeseeseees £35 (P&P £7) 


HATHELD ATTENUATOR BG BéouMi 60 Ghen © Toad. ame | Sine/Square/Tiangle O.1KH2.(P BP EA) £110 FOR SHAPING AS AN OPTIONAL EXTRA. THE CLAMP CONSTITUTES 
MARCONI AF POWER METER TFI1S2A1 DC SOOMHZ | GENERATOR ccc stcncncecceen eens 2208 A ROBUST, DIVERSE AND VERSATILE TOOL, A VALUABLE AID IN 





05 25W 500 Ohm with manual ......... ONLY £45 (P&P £7) 


MANY FIELDS, SPARE PARTS ARE AVAILABLE. PERSONS WITH 
SOME DISABILITY MAY FIND IT USEFUL ALSO. 


SEND S.A.E. FOR FULLER DETAILS 
ALLOW UP TO 14 DAYS DELIVERY. 
PRICE £68.36 plus P&P £3.00 


19.5cm HUMBERVALE ENGINEERING 


HUNG CHANG DMM 7030. 31/2 digit. Hand held 28 ranges 
including 10amp AC/DC 0.1%. Complete with batteries & 
WOOO (FB EG) istics wschiasced savdaviedivecusssbicbhgseceravse £39.50 
As above DMM 6010 0.25% o...eeccccccsecceseseteneeseeseeenees £33.50 
Carrying Case for ADOVE 20.0... cece eteceeteeseetenanees 













TELEPHONES — YES! REAL DIAL TYPE TELEPHONES 
— that don’t slide around the desk. 

Type No. 746 supplied with standard BT plug (used). 
ONLY £5 each P&P £3. Quantity discount. 












OSCILLOSCOPES PROBES. Switched x1x10 ........... 





Batteries 15 volt ................ £3 each, 10 off £25 (P&P extra) 


USED EQUIPMENT — WITH 30 DAYS GUARANTEE. MANUALS SUPPLIED IF POSSIBLE. | 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for Lists. Please check availability 
before ordering. CARRIAGE ali units £16. VAT to be added to Total of Goods & Carriage. 


STEWART OF READING 
110 WYKEHAM ROAD, READING, BERKS RG6 1PL 
Telephone: 0734 68041 Fax. 0734 351696 KY 


Callers welcome 9 am-5.30 pm Mon.-Fri. (until 8 pm Thurs.) 








SPECIFICATION: 
Length closed 
Jaw opening 7cm POBox 15, 
Width 12cm Hessle, 
Height 12.5cm. Humberside 
Weight 1kg HU130HP 
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Essex. Distributed by Seymour, 334 Brixton Road, London SW9 7AG. Sole Agents for Australia and New Zealand — Gordon & Gotch (Asia) Ltd., South Africa —Central News Agency Ltd. 
Subscriptions INLAND £15.70 and OVERSEAS £19 payable to ‘Everyday Electronics” Subscription Department, 6 Church Street, Wimborne, Dorset BH21 1JH. EVERYDAY ELECTRONICS 
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Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover 
by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 










POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- 
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS 


Oo) Oh aMe ied it eM elesel etsy © Supplied ready built and tested. 

OMP POWER AMPLIFIER MODULES now enjoy a world-wide reputation for quality, reliability and 
performance at a realistic price. Four models available to suit the needs of the professional and hobby market. 1.e.. Industry, 
Leisure, Instrumental and Hi-Fi etc. When comparing prices, NOTE ail models include Toroidal power supply. Integral heat sink, 
Glass fibre P.C.B., and Drive circuits to power compatible Vu meter. Open and short circuit proof. 


THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS 


OMP100 Mk 11 Bi-Polar Output power 110 watts 
R.M.S. into 4 ohms, Frequency Response 15Hz — 
30KHz —3dB, T.H.D. 0.01%, S.N.R. —118dB, Sens. for 
Max. output 500mV at 10K, Size 355 x 115x65mm. 
PRICE £33.99 + £3.00 P&P. 


NEW SERIES II MOS-FET MODULES Oo) a (Okoe fame) mV mist THOUSANDS PURCHASED 







* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY SERVICE * 
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST. 
OMP VARISPEED TURNTABLE CHASSIS. 


we MANUAL ARM %& STEEL CHASSIS %& ELECTRONIC SPEED CON- 
TROL 33 & 45 #& VARI PITCH CONTROL %& HIGH TORQUE SERVO 
DRIVEN DC MOTOR %& TRANSIT SCREWS %& 12°DIE CAST PLATTER * 
NEON STROBE % CALIBRATED BAL WEIGHT % REMOVABLE HEAD 
SHELL ®& '>" CARTRIDGE FIXINGS #% CUE LEVER ¥ POWER 220 240V 
5060Hz %& 390x305mm %& SUPPLIED WITH MOUNTING CUT-OUT 


TEMPLATE. 
PRICE £59.99 + £3.50 P&P. 




















STANTON AL500 GOLDRING G850 
PRICE £16.99 + 50p P&P PRICE £6.99 + 50p P&P 


















into 4 ohms, Frequency Response 1Hz — 100KHz 
—3dB, Damping Factor, >300, Slew Rate 45V/uS, 
T.H.D. Typical 0.002%, Input Sensitivity 500mV, S.N.R. 
—125dB. Size 300 x 123 x 60mm. 

PRICE £39.99 + £3.00 P&P. 





OMP/MF200 Mos-Fet Output power 200 watts R.M.S. 

; into 4 ohms, Frequency Response 1Hz — 100KHz 

¥ -—3dB, Damping Factor >300, Slew Rate 50V/uS, 
T.H.D. Typical 0.001%, Input Sensitivity 500mV, S.N.R. 

—130dB. Size 300 x 155 x 100mm. 

PRICE £62.99 + £3.50 P&P. 






NEW MXF SERIES OF POWER AMPLIFIERS 
THREE MODELS:— MXF200 (100w + 100w) 
MXF400 (200w + 200w) MXF600 (300w + 300w) 


All power ratings R.M.S. into 4 ohms. 


FEATURES: * Independent power supplies with two Toroidal Transformers * Twin L.E.D. Vu meters * Rotary 
indented level controls * illuminated on off switch * XLR connectors * Standard 775mV inputs * Open and short circuit 
proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low distortion * 
Aluminium cases * MXF600 Fan cooled with D.C. loudspeaker and thermal protection. 


USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. 
SIZES:— MXF 200 W19"H3¥2" (2U) x D11” 

MXF 400 W19"xH5'%" (3U) x D12” 
MXF 600 W19"xH5¥" (3U) x D13” 
MXF200 £171.35 

PRICES: MXF400 £228.85 
MXF600 £322.00 

SECURICOR DELIVERY £12.00 EACH 


OMP LINNET LOUDSPEAKERS OMP SLIDE DIMMER 
1K WATT & 2.5K WATT 












OMP/MF300 Mos-Fet Output power 300 watts R.M.S. 
into 4 ohms, Frequency Response 1Hz — 100KHz 
—3dB, Damping Factor >300, Slew Rate 60V/uS, 
* T.H.D. Typical 0.0008%, Input Sensitivity 500mV, 
S.N.R. —130dB. Size 330 x 175 x 100mm. ~ 
PRICE £79.99 + £4.50 P&P. 









NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS, STANDARD — INPUT SENS, 500mV BAND WIDTH 100KHz. 
PEC (PROFESSIONAL EQUIPMENT COMPATABLE) — INPUT SENS, 775mV, BAND WIDTH 50KHz, ORDER STANDARD OR PEC. 



















.. Vu METER Compatible with our four amplifiers detailed above. A very accurate visual 
f’ display employing 11 L.E.D. diodes (7 green, 4 red) plus an additional on/off indicator. 
Sophisticated logic control circuits for very fast rise and decay times. Tough moulded plastic 
x Case, with tinted acrylic front. Size 84 x 27 x 45mm. 
aA ae ; PRICE £8.50 + 50p P&P. 


meehsthid Dal Scat 


LARGE SELECTION OF SPECIALIST LOUDSPEAKERS 
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER 
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE- 
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p 
STAMPED) FOR COMPLETE LIST. 


McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC. 











THE VERY BEST IN QUALITY AND VALUE 







MADE ESPECIALLY TO SUIT 
TODAY'S NEED FOR COM- 
PACTNESS WITH HIGH OUTPUT 
SOUND LEVELS, FINISHED IN 
HARDWEARING BLACK VYNIDE 
WITH PROTECTIVE CORNERS, 























PANEL CABINET CUT-OUTS, ADVANCED 
FEATURES INCLUDE :— 



























* FULL 65mm SLIDE 




















































ALL McKENZIE UNITS 8 OHMS IMPEDENCE 
8" 100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID. DISCO. NCSHPORATES © bance ee apekig 
RES, FREQ, 80Hz. FREQ, RESP, TO 14KHz. SENS, 990B. .......0..ccccccceesseee PRICE £28.59 + £2.00 P&P. HIGH FREQ. HORN FOR FULL 
10” 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD, DISCO, EXCELLENT MID. FREQ. RANGE: 45Hz-20KHz BOTH ONO NOCNTOR 
RES, FREQ, 70Hz. FREQ, RESP, TO6KHz. SENS, 1004B. ...................0..06.. RICE £34.70 + £2.50 P&P. MODELS 8 OHM, SIZE H18” x W15" * FLASH OVERRIDE 
10” 200 WATT C10200GP GUITAR, KEYBOARD, DISCO, EXCELLENT Hien POWER MID. x D12" BUTTON 

_ RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 1030B. ...........cccccccceee PRICE £47.48 + £2.50 P&P. * HIGH & LOW LEVEL 
12” 100 WATT C12100GP HIGH POWER GEN, PURPOSE, LEAD GUITAR, DISCO. CHOICE OF TWO MODELS PRESETS 
RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 980B. .....0....0..c0scccscceeees RICE £36.66 + £3.50 P&P. + FULLY SUPPRESSED 
12” 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE, P.A., VOICE, DISCO. POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET 
RES, FREQ, 45Hz. FREQ, RESP, TO 14KHz. SENS, VSOaROS, BISCO, PA PRICE £37.63 + £3.50 P&P. ‘ 
12” 200 WATT C12200B HIGH POWER BASS, KEYBOA z Nay ipexweoxoes 
RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz. SENS, 1000B. essen PRICE £64.17 + £3.50 P&P. OMP 12-100 (100W 10006) PRICE £159.99 PER PAIR 2 SKW Hi28xW76xD 7am 
12” 300 WATT C12300GP HIGH POWER BASS LEAD uit KEYBOARDS, DISCO, ETC pees OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR paicae «Gi aier eiees 
RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz. SENS, 100QB. ..........2..00cc0ccce: + : See 
15” 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY, P.A., Des so weinowke SECURICOR DEL.:— £12.00 PER PAIR 2.5K WATT £24.99 + 60p P&P 
RES, FREQ, 40Hz. FREQ. RESP, TO5KHz. SENS, 980B. ...........0--c0cccescceee .70 + £4, 
15” 200 WATT C15200BS VERY HIGH POWER BASS. PIEZO ELECTRIC TWEETERS-MOTOROLA 
RES, FREQ, 40Hz. FREQ, RESP, TO aki. SENS, 9808. Seep PRICE £73.26 + £4.00P&P. ff PIEZO ELECTRIC TWEETERS — MOTOROLA 
15” 250 WATT C15250BS VERY HIGH POW Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved transient 
RES, Sai Giksnone ak inGn BOWER: oor FREQUENCY B. eal £80.53 + £4.50 P&P. response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required these units can 
15” 400 be added to existing speaker systerns of up to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS 
RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 102dB. .........0c00ccccccsccscees PRICE £94.12 + £4.50P&P. Bf Ciooiien WiTH EACH TWEETER, 
18” 400 WATT C18404BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS. TYPE ‘A’ (KSN2036A) 3” round with protective wire 
RES, FREQ, 27Hz. FREQ, RESP, TO 3KHz. SENS, 990B. 0... PRICE £167.85 + £5.00 P&P. mesh, ideal for bookshelf and medium siced Hi-ti 






speakers. Price £4.90 each + 50p P&P. 

TYPE ‘B’ (KSN1005a) 3” super horn. For general 
purpose speakers, disco and P.A. systems etc. Price 
£5.00 each + 50p P&P. 

TYPE ‘C’ (KSN6016A) 2” x 5” wide dispersion horn. For 





EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC. 


ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM. 
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND 
8” 50 WATT EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 












RES; FREQ, 40Hz. FREQ, RESP, TO 7KHz. SENS, 97dB............ PR : 

10” 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS. HI-FI. cane baad quality Hi-fi systems and quality discos etc. Price £6.99 
RES, FREQ, 40HZ. FREQ, RESP, TO 5KHz. SENS. 99dB......... PRICE £12.00 + £2.50 P&P. each + 50p P&P. 

10” 100 WATT EB10-100 BASS. HI-FI. STUDIO. TYPE ‘D’ (KSN1025A) 2”x6” wide dispersion horn. 
RES, FREQ, 35Hz. FREQ, RESP, TO 3KHz. SENS, 960B. ........-- oe. PRICE £27.50 + £3.50 P&P. Upper frequency response retained extending down to 
12” 60 WATT EB12-60 BASS, HI-FI, STUDIO. mid range (2KHz). Suitable for high quality Hi-fisystems 
RES, FREQ, 28Hz. FREQ, RESP, TO 3KHz. SENS, 920B. .o..-cccscccccesccccecees PRICE £21.00 + £3.00 P&P. and qualit discos. Price £9.99 each + 50p P&P. 

12” 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO. TYPE ‘E’ (KSN1038A) 3%” horn tweeter with attractive 
RES, FREQ, 26Hz. FREQ, RESP, TO 3KHz. SENS, 930B. o-oo eo ceeceseee PRICE £32.00 + £3.50 P&P. silver finish trim. Suitable for Hi-fi monitor systems etc. 





FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND 


5%" 60 WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. ‘eve cone 


LEVEL CONTROL Combines on a recessed mounting 














RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS, 920B. ....... eee PRICE £9.99 + £1.50 P&P. 
674" 60 WATT EB6-GOTC (TWIN CONE) HI-FI, MULTLARRAY DISCO ETC. plate, level control and cabinet input jack socket. 
RES. FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS, 94dB. PRICE £10.99 + £1.50 P&P. 85x 85mm. Price £3.99 + 50p P&P. 
60 WATT EB8-60TC (TWIN CONE) HI-Fi, MULTI- ARRAY DISCO ETC. 
RES, FREQ, 40Hz. FREQ, RESP, TO 18KHz. SENS, 890B. ................... PRICE £12.99 + £1.50 P&P. STEREO DISCO MIXER 








10” 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC. 
RES, FREQ, 35Hz. FREQ, RESP, TO 12KHz. SENS, foo 0 | = ee ee eee ene henner PRICE £16.49 + £2.00 P&P. 


TRANSMITTER HOBBY KITS 


PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE 
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS 
COMPLETE WITH CIRCUIT AND INSTRUCTIONS 






STEREO DISCO MIXER with 2 x 5 bandL &R 
graphic equalisers and twin 10 segment L.E.D. 
Vu Meters. Many outstanding features 5 Inputs 
with individual faders providing a useful com- 
bination of the following:— 

3 Turntables (Mag). 3 Mics. 4 Line including CD 
plus Mic with talk over switch Headphone Moni- 
tor. Pan Pot L. & R. Master Output controls. 
Output 775mV. Size 360x280 90mm. Supply 
220-240v. 

Price £134.99 — £4.00 P&P 


B. K. ELECTRONICS cept ce 


EN SCHOOLS COLLEGES GOVT AODES ETC PACESMCLISVECFVAT SKESCOOTER Mol MUNI MMOL =m AARSOI ETI SNORO) Bele? ccs Sea 
VISA ACCESS ACCEPTED BY POST, PHONE OR FAX. | =a TEL: 0702-527572 FAX: 0702-420243 






















3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER- 

FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V (@ 0.5AMP. 

PRICE £14.49 + £1.00 P&P 3 watt FM 

FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH Transmitter 

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT. PRICE 
£8.62 + £1.00 P&P 



















FLAME MASTER 
HOT GAS SOLDERING TOOL 


Superb Pocket Size Portable Gas 
Soldering Iron 








Powered by Butane Gas 
Simple to Refill 
Temperature up to 400°C (750°F) | 
Up to 2 Hours Continuous Use | 












FLAME MASTER 
> IN 1 HOT GAS TOOL KIT 


Complete with tough moulded to measure case and including: 


MULTI-PURPOSE TOOL 


4 Interchangeable Soldering Iron Tips 
Soldering Iron 

Hot Cutting Knife 

Wide Area Flame Torch 

High Temperature Flame Torch 
Hot Air Blower 


GREAT FOR 


Electrical and Electric Work 
Cutting Plastics and Fibres 
Sealing, Bonding and Shrinking 
Removing Paint and Putty 








The Flame Master hot gas tool kit has many uses. It can be a soldering iron, 
a pencil flame torch, a hot air blower or a wide (flat) flame torch. 

You can fit the soldering head with a selection of soldering tips and the hot knife, or you 
can fit the flame head, onto which you can attach the hot blower or the wide flame unit. 
The choice is yours! 


‘ 
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Add Carriage 


If order below £5 
POOIOSS © ss ccsiissss oiensaniniovionenatinesansnntaannnideriashacastiansiganieianesateaats please add 50p 
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| authorise you to debit my Credit Card account for the cost of goods despatched. 


creat cardno. LET TTT TTT TT ITTtitt ti 


PRCOSS RIO ISS csesicecssccsissctsncersnisteaserse tater aaeanena area hunts Delete as required. 











PHONE BEFORE 5PM FOR SAME DAY DESPATCH 


ALL PRICES INCLUDE VAT. 
All items subject to availability, both items will be on sale in our shops in 
Birmingham, Bristol, Leeds, Hammersmith, Edgware, Manchester, Nottingham, 
Southampton and Southend-on-Sea. 


If ordering by Credit Card please SIQM ...........ecceceeeceeeeeeeceeseeeseeeeeeeneeeseseceeseessensssnsaaseeoasnns 
Expiry Gate Of Credit Car) cassicascescasosessnnavvavssnunstacessinsaneasnshinetnsprecosssisnseostaanysaornenetsinnies EE 
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